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3ae. Kacp Jle6eduHCbKuu 
BcTyn 
BcTaHOBJieHe B cucTeMi nepegani eueKTpoeHeprii YKpaiHH ocHOBHe 
o6uagHaHHa, aKe npau,K>e B 6e3nepepBHOMy peKHMi i BH3Hanae HagiftHicTb Ta 
eKOHOMinHicTb po6oTH, BHroTOBjieHO, B ocHOBHOMy, y 50-70 pp. MHHyjioro 
cTopinna. 3 a OCHOBHHMH TexHWHHMH xapaKTepncTHKaMH (Bara ft ra6apHTH, 
noKa3HHKH HagiftHocri Ta eKOHOMWHocri TOIHO) BOHO nocTynaeTbca cynacHOMy 
o6nagHaHHK i noTpe6ye Bce Giubinux o6car iB peMOHTiB. TaK, 1 7 , 3 % oGuagHaHHa 
nigcTaHu,ifi i 5 6 % uiHift eneKTponepegani eKcnuyaTyKTbca noHag 40 poKiB. TaKHft 
cTaH 3HanHO BnjiHBae Ha 36iiibiiieHHa BTpaT eueKTpHHHoi eHeprii B cucTeMi 
nepegani Ta o6MeKcye MOKGiHBicTb 3ano6iraHHK TexHonorinHHM nopymeHHaM -
noniKogKceHHaM eueKTpoTexHiHHoro o6uagHaHHa a6o nopymeHHaM ftoro 
npau,e3gaTHocTi, mo npu3BoguTb g o nopymeHHa HopMaibHoi Ta HagiftHoi po6oTH 
eHeproycTaHOBOK o6'GKTiB eueKTpoeHepreTHKH i O E C YKpaiHH B u,inoMy. 
MeTOK gaHoi KBa^i iKa^iHHoi po6oTH e peKOHcTpyKHia eueKTpHHHoro 
o6uagHaHHa nigcTaHu,ii 110/10 K B B 3B'a3Ky 3i cTapiHHaM Ta 36iiibiiieHHaM 
noTyKHocTi cnoKHBaniB. ^ u a Hboro Heo6xigHO npoBecTH aHani3 po6oTH CHUOBHX 
TpaHc opMaTopiB, KOMyTaHiftHux anapaTiB, TpaHc opMaTopiB BiacHux noTpe6, 
3aco6iB peueftHoro 3axucTy Ta aBTOMaTHKH. P o 3 p o 6 m H TexHinHi pimeHHa Ta 
npono3Hu,ii mogo BgocKOHaieHHa cxeMH po3nogiiibHoro npucTpoK ( P n ) i 3aMiHi 
eneKTpuHHoro o6uagHaHHa Ha cynacHe, ge u,e Heo6xigHO. n p u HbOMy cxeMH 
eneKTpuHHi npuHnunoBi P n n C MaKTb 3a6e3neHyBara: 
1) HagiiiHicTb yHK^ioHyBaHHa KOHKpeTHoi n C i npunerao i MepeKci; 
2 ) npocTOTy eKcnuyaTaHii Ta 3HHKceHHa iMOBipHocTi noMHUKOBux gift 
nepcoHaiy; 
3) TexHWHy raynKicTb, mo nouarae B MOKuiHBocTi npucTocoByBaraca g o 
peKKHMiB po6oTH eueKTpoycTaHOBKH, mo 3MiHKKTbca, y TOMy HHcui n ig nac 
niaHOBux i aBapiftHO-BigHOBiKBaibHux peMOHTiB, po3mupeHHa, peKOHcTpyKHii 
Ta Bunpo6yBaHb; 
4 ) KOMnaKTHicTb; 
5) eKOuoriHHy nucTOTy; 
6) TexHinHO o6ipyHTOBaHy eKOHOMinmcTb. 
Jucm 
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1 3arajibHa iH(J)opMaHiii Ta xapaKTepucTHKH ejieKTpHHHoro 
oGuagrnHHa nigcTaHHii 
B g a r o M y p o 3 g i j i i p o 3 r j i a g a e T b c a p a g n H T a H b , B u p i m e H H a a c u x g o 3 B o j i H T b 
BH^BHTH H e o 6 x i g H H H o 6 c a r p o 6 i T 3 n o j i i n m e H H a T e x H i H H o r o C T a H y g i K H o i 
n i g c T a H H i i . O c o G m r e y y B a r y c j i i g n p u g i j i H T u : 
1) cxeMaM eneKTpuHHux 3'egHaHb - lx HaginHocri, npocToTi i 3pyHHocTi B 
eKcnnyaTaHii; 
2 ) eneKTpuHHoMy o6jiagHaHHK> nigcTaHHii - (J)i3HHHoMy 3Hocy; 
3) Mo>KjTHBocTi BnpoBagKeHHa HOBHX TexHojiorin - cucTeM TejieMexaHiKH, 
aBToMaTH3oBaHux cucTeM oGjincy ejieKTpocnoKCHBaHHa, pejienHoro 3axucTy Ta 
aBToMaTHKH Ha ocHoBi MiKponpoHecopHoi TexHiKH. 
1.1 TojioBHa cxeMa ejieKTpuHHHx 3'egHaHb nigcTaHHii 
TepMiH cjryKcGu CHJIOBHX TpaHc(opMaTopiB i TpaHc(opMaTopiB BjiacHux 
noTpe6, KoMyTaHinHoro oGuagrnHHa, BHMipKBajibHux TpaHc(opMaTopiB gaBHo 
3aKiHHHBca. EygiBejibHi cnopygu , 3am3o6eToHHi KoHcTpyKHii, po3TamoBaHi Ha 
TepuTopii nigcTaHHii, 3HaxogaTbca B npugaraoMy gjia nogajibmoi eKcnjiyaTaHii 
cTaHi. nigcTaHHia BKiKHae B ce6e po3nogijibHi npucTpoi ( B P n - 1 1 0 K B , P Y - 1 0 K B ) , 
gBa TpaHc(opMaTopa ( T ^ H - 1 0 0 0 0 / 1 1 0 / 1 0 ) , npucTpoi ynpaBjiiHHa Ta 
gonoMiKHi npucTpoi. ^KuBjieHHa nigcTaHHii 3gincHKeTbca 3a gBoMa noBnpaHHMH 
jinriaMH. 
H a pucyHKy 1.1 npegcTaBjieHa cnpoineHa npuHHHnoBa cxeMa ejieKTpHHHoi 
nigcTaHHii 110/10 KB. 
y BigKpuToMy po3nogijibHoMy npucTpoi 110 K B 3acTocoBaHa cxeMa Micnca 3 
gBoMa ceKHinHHMH po3'egHyBanaMH B nepeMHHHi i BiggijibHHKaMH B Kojiax 
TpaHc(opMaTopiB. CeKHinHi po3'egHyBani Q S 3 i Q S 4 B HopMajibHoMy cTaHi 
BigicjiKHeHi. 
Jucm 
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H a HH3bKifi cTopoHi 10 K B 3acTocoBaHa cxeMa 3 ogHiera ceKiiiiioBaHoK) 
cucTeMoio muH. 
PucyHoK 1.1 - CnpomeHa npuHiunoBa cxeMa ereKTpHHHoi nigcTaHiiii 
1.2 OcHoBHe eneKTpuHHe oGuagHaHHii nigcTaHiiii' 
Po3TamyBaHHa oGuagHaHHii nigcTaHiiii BUKOMHO y BignoBigHocTi 3 
GygiBeubHHMH HopMaMH i npaBunaMH i npaBHuaMH yjmiHTyBaHHii eueKTpoycTaHoBoK 
( n Y E ) . IligcTaHiiiii cKnagaeTbcii 3 HacTynHux po3noginbHux npucTpoiB: B P n -
110 K B i P n - 1 0 K B . 
B P n - 1 1 0 K B BHKoHaHo 3 oKpeMux 6noKiB, mo npegcTaBniOTb co6oio 
KoHcTpyKiiiio 3 BMoHToBaHHM oGuagHaHHiiM. B c i a n a p a r a B P n po3TamoBaHi Ha 
HeBucoKux 3ajri3o6eToHHHx nigcTaBax. TepuTopiera B P n nepegGanaiOTbcii npoi'3gu 
Jucm 
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gna MOKUHBOCTI MOHTaKy Ta peMOHTy o6nagHaHHa. 36ipHi mHHH B B P n 110 K B 
BHKOHaHi 3 THyHKHX npoBigHHKiB (gpoTH A C - 1 2 0 ) . 
P n - 1 0 K B KOMiuieKTycTbCii m a aMH Tuny K P Y 2 - 1 0 . K P Y 2 - 1 0 CKnagaeTbca 3 
m a 6 p o H b O B a H o r o T u n y ( 3 n o g i n o M H a B i g e i K u ) T a IIIHHHHX M O C T i B . 
H a eneMeHTi BHKonyBaHHa BCTaHOBjiioeTbca MaejiaHuii BHMUKan cepii' B M n n , 
po3pagHHKH, TpaHc pMaT pH CTpyMy Ta Hanpyru, ceKniiiHi po3'egHyBani. EneMeHT 
BHKonyBaHHa B m a ax Mae gBa iKCOBaHHx nonoKeHHa: po6one Ta KOHTponbHe (nig 
nac nepeBipKu). OiKcyiOHi npucTpoi' 3a6e3neHyK>Tb 3aKpinneHHa eneMeHTy 
BHKonyBaHHa i BHKjiiOHaiOTb MOKUHBicTb fioro caMOBinbHoro nepeMiineHHa 
BcepeguHi m a H npu po6oTi Bcix MexaHi3MiB, aK B HopManbHOMy peKHMi, TaK i npu 
KOpOTKOMy 3aMHKaHHi. 
B i g rpo3OBux nepeHanpyr, a TaKOK Big MaKCHManbHO MOKUHBHX BHyTpimHix 
nepeHanpyr Bee eneKTpoycTaTKyBaHHa nigcTaHnii' 3axHineHe BeHTHUbHHMH 
po3pagHHKaMu: P B C - 1 1 0 B Konax CHUOBHX TpaHc pMaT piB T 1 i T 2 ; P B C - 3 5 + 15 -
B HefiTpaniB CHUOBHX TpaHc pMaT piB T 1 i T 2 ; P B O - 1 0 - Ha 36ipHux muHax 10 K B . 
B i g npaMux ygapiB 6jiHCKaBKH nigcTaHnia 3axHineHa CTpuKHeBHMu i 
TpOCOBHMH rpoMOBigBogaMH. 
1.2.1 CunoBi TpaHc pMaT pH i TpaHc pMaT pH BnacHux noTpe6 
H a eneKTpuHHifi nigcTaHnii 110/10 K B BCTaHOBneHO gBa CHUOBHX 
gBOo6MOTKOBux TpaHc pMaT pa: T1 i T 2 Tuny T ^ H - 1 0 0 0 0 / 1 1 0 / 1 0 . HefiTpani 
O6MOTOK TpaHc pMaT piB B HopManbHOMy CTaHi He3a3eMneHi gna 3HHKeHHa 
CTpyMiB KopoTKoro 3aMHKaHHa. y Ta6nuni 1.1 npegcTaBneHi xapaKTepucTHKu 
CHUOBHX TpaHc pMaT piB T1 i T 2 . 
noTyKHicTb enoKHBaniB BnacHux noTpe6 nigcTaHnii' He BenuKa, TOMy BOHH 
npuegHyiOTbea g o MepeKi 380 /220 B nepe3 noHHKyBanbHi TpaHc pMaT pH T3 i T4 
Tuny TM-63 /10 /0 ,4 . TpaHc pMaT pH BnacHux noTpe6 npuegHaH BigranyKeHHaMH 
g o BBogiB CHUOBHX TpaHc pMaT piB T 1 i T 2 i 3axHineHi 3ano6bKHHKaMH Tuny 
n K T - 1 0 / 3 0 . y Ta6n. 1.2 npegcTaBneHi xapaKTepucTHKH TpaHc pMaT piB T3 i T4 . 
Jucm 
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TaGuHHa 1.1 - OcHOBHi TexHWHi xapaKTepucTHKu CHIOBHX TpaHc opMaTopiB 
T1 i T 2 Tuny T ^ H - 1 0 0 0 0 / 1 1 0 / 1 0 
napaMeTp B e i u n u H a 
T u n 
HoMiHaibHa noTyKHicTb SHOM, K B A 10000 
HoMiHaibHa Hanpyra B H , K B 115 
HoMiHaibHa Hanpyra H H , K B 11 
Hanpyra KopoTKoro 3aMHKaHHa U K , % 10,5 
BTpaTH KopoTKoro 3aMHKaHHa A P K , K B T 58 
CTpyM x o i o c T o r o x o g y Ix, % 0,9 
BTpaTH x o i o c T o r o x o g y APx, K B T 14 
CxeMa 3egHaHHa O6MOTOK Y - ° / A 
M e K i peryiKBaHHa Hanpyru ± 9 x 1 , 7 8 % 
T u n B6ygoBaHux TpaHc opMaTopiB cTpyMy, 
Koe iHieHT TpaHc opMaHii 
T B T - 1 1 0 
150/5 
a 1.2 - TexmHHi xapaKTepucTuKu TpaHc opMaTopiB BiacHux n 
I TM-63 /10 /0 ,4 
napaMeTp B e i u n u H a 
Tun T M 
HoMiHaibHa noTyKHicTb S H O M , K B A 63 
HoMiHaibHa Hanpyra B H , K B 10 
HoMiHaibHa Hanpyra H H , K B 0,4 
Hanpyra KopoTKoro 3aMuKaHHa U K , % 4,7 
B T p a r a KopoTKoro 3aMuKaHHa A P K , K B T 1,47 
CTpyM x o i o c T o r o x o g y I x , % 2,8 
B T p a r a x o i o c T o r o x o g y A P x , K B T 0,26 
CxeMa 3egHaHHa O6MOTOK Y / Y - ° 
M e K i peryiKBaHHa Hanpyru ± 2 x 2 , 5 % 
Jucm 
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1.2.2 OcHOBHe KOMyTaniiiHe oGmagHaHHa 
OCHOBHHMH KOMyTaniiiHHMH anapaTaMH B B P n - 1 1 0 K B e po3'egHyBani, 
BigginbHHKH i KopoTKO3aMHKani. 
B aKOCTi KOMyTanifiHoro anapaTy, npH3HaneHoro gjja BigKuiOHeHHa i 
BKuiOHeHHii eneKTpHHHHx Kin 6e3 CTpyMy a6o 3 He3HanHHM CTpyMOM i gj ja cTBopeHHa 
BHgHMoro po3pHBy B noBiTpi, Ha gnoHiii eneKTpHHHoi' nigcTaHu,ii' 110/10 K B 
BHKopncTOBy^Tbca po3'egHyBaH THny P H ^ 3 2-110 . XapaKTepncTHKH po3'egHyBaniB 
B P n - 1 1 0 K B npegcTaBneHi B TaGjjuni 1.3. 
TaGnuna 1.3 - TexHiHHi xapaKTepncTHKH po3'egHyBaniB THny PH^,3 2-110 
napaMeTp BenuHuHa 
HoMiHanbHa Hanpyra, K B 110 
HoMiHanbHHH cTpyM, A 1000 
ronoBHi 
HO^i 
rpaHHHHHfi HacKpi3HHfi cTpyM, K A 80 
cTpyM TepMiHHoi' cTifiKocri, K A , 31,5 
gonycTHMufi Hac fioro gi i , c 3 
3a3eMnmm 
Hi HO>Ki 
rpaHHHHHfi HacKpi3Hufi cTpyM, K A 80 
cTpyM TepMiHHoi' cTifiKocTi, K A , 31,5 
gonycraMufi Hac fioro gi i , c 1 
T u n npuBogy n P - 9 0 
T u n i3onaTopa H O C - 1 1 0 
PiK BHrOTOBneHHa / piK ycTaHOBKH 1978/1979 
HopMa Ha noBHe BigHOBneHHa,% 4,4 
CTpOK KOpucHOrO BHKOpucTaHHa, pOKiB 23 
A m 3'egHaHHa HefiTpanefi cunoBux TpaHc opMaTopiB T1 i T 2 3 KOHTypoM 
3a3eMneHHa eneKTpuHHoi' nigcTaHnii' BcTaHOBneHi 3a3eMjJK>BaHi Tuny 3OH-110 . 
XapaKTepucTuKu 3a3eMjJK>BaHiB HaBegeHi B TaGmini 1.5. 
Jucm 
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y K P y 2 - 1 0 K B BCTaHOBjieHi MajiOMaejiaHi nigBicHi BHMHKani Tuny B M n n - 1 0 . 
IX napaMeTpu HaBegeHi B TaGuuni 1.6. 
TaGjiuna 1.4 - TexHWHi xapaKTepucTHKH KopoTKO3aMHKaniB Tuny K 3 - 1 1 0 i 
BigginbHHKiB Tuny O ^ - 1 1 0 
napaMeTp 
BenuHHHa 
K 3 - 1 1 0 Of l -110 
HoMiHanbHa Hanpyra, K B 110 110 
HoMiHanbHHfi CTpyM, A - 630 
roiOBHi 
HOKi 
CTpyM TepMWHOi' CTifiKOCTi, K A , 
gonycTHMufi nae fioro gii', e 
12,5 
3 
12,5 
4 
nOBHHfi BBiMKHeHHa (Ge3 OKenegi/npu OKenegi), e 0 ,18/0,28 -
BHMKHeHHa (Ge3 OKenegi/npu OKenegi), e - 0,4/0,5 
T u n npuBogy n P K - 1 n P O - 1 
TaGjiuna 1.5 - TexHWHi xapaKTepucTHKH 3a3eMjiK>BaHiB Tuny 3OH-110 
napaMeTp BeuuHHHa 
HoMiHaubHa Hanpyra, K B 110 
HafiGiubma poGona Hanpyra, K B 126 
HoMiHaubHHfi CTpyM, A 400 
r O U O B H i C T p y M T e p M W H O i ' C T i f i K O C T i , K A , 
H O K i g o n y c T H M u f i n a e fioro g n , 3 
6 , 3 
3 
T u n n p u B o g y n P H - 1 1 
T u n i 3 O u a T o p a y C T - 1 1 0 
PiK BuroTOBjieHHa / piK ycTaHOBKH 1972/1975 
HopMa Ha noBHe BigHOBueHHa,% 4,4 
CTpOK KOpHCHOrO BHKOpHCTaHHa, pOKiB 23 
Jucm 
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Ta6jiHu,a 1.6 - TexHiHHi xapaKTepucTHKH BHMHKaHiB B M n n - 1 0 
napaMeTp BeiHHHHa 
HoMiHaibHa Hanpyra, K B 10 
HafiGiibma po6ona Hanpyra, K B 12 
HOMiHajIbHHH CTpyM, A 630 
HOMiHaibHHH CTpyM BigKJIIOHeHHil, K A 20 
HafiGiibmnH rpaHHHHuii HacKpi3HHH CTpyM, K A 52 
CTpyM TepMiHHOl CTiHKOCTi, K A , 
gonycTHMHH Hac fioro gi i , C 
20 
4 
noBHHH Hac BigKUKHeHHII, c 0,07 
BuacHHH Hac BigidKHeHHii ( 3 npuBogoM), c 0,05 
BuacHHH Hac BKUKHeHHii BHMHKaHa ( 3 npnBogoM), c 0 ,075 
MiHiMaibHa 6e3CTpyMoBa nay3a npu A n B , c 0,5 
T n n n p n B o g y B 6 y g o B a H H H 
1.2.3 BHMipKmajibHe oGuagmHHii, npuuagH o6uiKy eueKTpHHHoi eHepril 
H a BBogax CHUOBHX TpaHc opMaTopiB Ha cTopoHi 110 K B BCTaHoBjieHi 
TpaHc opMaTopH CTpyMy THny T B T - 1 1 0 , Ha CTopoHi 10 K B - T n O J I - 1 0 . T a r c m Ha 
HH3bKin CTopoHi BCTaHoBieHi TpaHc opMaTopH CTpyMy Tuny T n J J - 1 0 . TexHiHHi 
gaHi U,HX TpaHc opMaTopiB CTpyMy npegcTaBuem B Ta6jnmi 1.7. 
TaGuumi 1.7 - TexHiHHi xapaKTepucTHKH TpaHc opMaTopiB CTpyMy 
napaMeTp 
BeUHHHHa 
T n O J J - 1 0 T B T - 1 1 0 
HoMiHajbHa Hanpyra, K B 10 110 
HoMiHanbHHH ^ ^ ^ TpaHc opMa^ii 1000/5 150/5 
HoMiHanbHHH K m c ToHHocTi BTOPHHHOI O6MOTKH 0,5 10P 
Kpara icTb CTpyMy TepMiHHoi CTifiKocTi 27 25 
^ a c nporiKaHHii CTpyMy TepMiHHoi CTifecocTi, c 3 3 
Jucm 
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y 3 P n - 10 K B gjiii BHMipKBaHHii Hanpyru rnogo 3eMjii BCTaHOBneHO 
TpaHC(J)opMaTop Hanpyru Tuny H T M H - 1 0 , TexHinH gaHi incoro npegcTaBjieHi B 
Ta6jiHu,i 1.8. 
KoHTpojib Hag pe>KHMaMH po6oTH ocHOBHoro i gonoMDKHoro oGuagHaHHii Ha 
ejieKTpHHHiii nigcTaHu,ii' 3gificHKeTbca 3a gonoMoroK KoHTpojibHo-BHMipKBajibHHx 
npujiagiB: 
Ta6jiHiiii 1.8 - TexHinH xapaKTepucTHKH TpaHc(opMaTopiB Hanpyru 
napaMeTp BeiHHHHa 
HoMiHaibHa Hanpyra, K B 10 
Kjiac TonHocTi 0,5 
HoMiHaibHa Hanpyra 
O6MOTOK, B 
nepBHHHoi' 10000 
ocHoBHHH BTopHHHoi 100 
gogaTKoBoi' BTOPHHHO! 100/3 
HoMiHaibHa noTymricTb, B A 120 
rpaHHHHa noTy^cHicTb, B A 1000 
- aMnepMeTpiB Kjiacy TonHocTi 1,5; 
- BoibTMeTpiB Kjiacy TonHocTi 1,5; 
- mHHjibHHKiB aKTHBHoi eHeprn C A 3 y - I 6 7 5 M Kjiacy TonHocTi 2 ,0; 
- mnHjibHHKiB peaKTHBHoi' eHeprii' C P 4 y - I 6 7 3 M Kjiacy TonHocTi 2,0. 
Jucm 
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2 Po3paxyHOK CTpyMiB KOpOTKOrO 3aMHKaHHa 
Po3paxyHOK CTpyMiB KOpOTKOrO 3aMHKaHHa npoBoguTbca gna Bn6Opy i 
nepeBipKH eneKTpnHHOrO oGjmgHaHHa, a TaKOK ycTaBOK eneKTpnHHHx anapariB 
penefiHOrO 3axncTy. 3 a Heo6xigHOcri npoBogaTbca 3axogu w o g o o6MeKeHHa 
CTpyMiB KOpOTKOrO 3aMHKaHH5I. 
K o p o T K i 3 a M H K a H H a B H H H K a ^ T b n p n n o p y m e H H i i3O. j [a i i ; i i e n e K T p n H H H x M e p e K 
n e p e 3 11 C T a p i H H a a 6 o n p o 6 i n , o 6 p u B T a n a g i H H a H a 3 e M n r o n p o B o g i B , M e x a m n m 
n o n n c o g K e H H a i3O. j [a i i ; i i K a G e n b H u x , y g a p u G n H C K a B K H B m H i K 
e j i e K T p o n e p e g a n , H e n p a B H U b H i g i i o G c u y r o B y K H o r o n e p c o H a j r y . 
KopoTKi 3aMHKaHHa, aK npaBHuo, cynpoBogKyKTbca 36ijibineHHiiM CTpyMiB B 
nomKogKeHHx a3ax g o 3HaneHb, w o nepeBuwyKTb y KijibKa pa3iB HOMiHanbHi 
3HaneHHa. 
n e p e 6 i r CTpyMiB K 3 npu3BoguTb g o 36inbmeHHa BTpaT eneKTpoeHepril B 
npoBigHHKax i KOHTaKTax, w o BHKjwKae ix HarpiBaHHa. HarpiBaHHa MOKe 
npuCKopuTH pyfiHyBaHHa i3onau,ii, BHKjiHKara 3BapKBaHHa i BuropaHHa KOHTaKTiB i 
T.g. ToMy npoBigHHKH i a n a p a r a n o B w w i nepeBipaTuca Ha TepMWHy criiiKicTb. 
n e p e 6 i r CTpyMiB K 3 cynpoBogKyeTbca TaKOK 3HanHHMu eneKTpoguHaMinHHMH 
3yCunnaMH MiK npoBigHwcaMH, nig g i e K iiux 3yCHjb i3OJiau,ia i CTpyMonpoBigHi 
naCTHHH MOKyTb 6yTH 3pyfiHOBaHi. ToMy eneKTpuHHe o6nagHaHHa n o B w w o 
nepeBipaTHCa Ha eneKTpoguHaMinHy CTiwcicTb. 
2.1 CKjiagaHHa cxeMH 3aMiweHHa Ta BH3HaneHHa 11 napaMeTpiB 
Han6inbm npaKnwHHMH TOHKaMH gna po3paxyHKy CTpyMiB KopoTKoro 
3aMHKaHHa e 36ipHi HWHH BCix Hanpyr. 
y CxeMy 3aMiweHHa ejieMeHra MepeKi (cucTeMa, TpaHc opMaTop, m m a ) 
BxogaTb CBOiMH iHgyKTHBHHMH onopaMH. Oco6nHBicTb CKjiagaHHa cxeMH 
3aMiweHHa: aK npaBHuo, CHuoBi TpaHc opMaTopH Ha noHHKyKHux nigcTaHiiiax 
npaii,K>K>Tb Ha muHH HH3bKOi Hanpyru OKpeMO. U,e npuiwaTO gna 3HHKeHHa piBHiB 
Jucm 
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cTpyMiB KopoTKoro 3aMHKaHHa B eneKTpunHiH Mepe>KL CxeMa 3aMim,eHHa 
npegcTaBieHa Ha pucyHKy 2 .1 . 
HaMinaeMo TonKH KopoTKoro 3aMHKaHHa: K 1 , K 2 , K 5 , K 6 - Ha muHax BHCOKO'' 
Hanpyru nigcTaHHn 110 K B ; K 3 , K 7 - Ha muHax H U ^ K O ' ' Hanpyru 10 K B . 
CTpyMH KopoTKoro 3aMHKaHHa BH3HanaKTbca 3a Bupa3oM: 
IK 
V3 • x k 
(2 .1) 
g e E c - E P C cucTeMH, K B ; 
X K - eKBiBajieHTHHH onip, OM. 
Ec 1 
110 KB \rK: 
'77/ 
7 ml 
K 
10 KB 
/ I J] \ \ / lJl\ / ZJl / in 
K K 
2887 2885 2883 
PucyHoK 2.1 - CxeMa 3aMim,eHHa Mepe^i gjia po3paxyHKy cTpyMiB 
KopoTKoro 3aMHKaHHa 
ygapHHH cTpyM BH3HanaeTbca 3a (opMyj ioK: 
(2 .2) 
g e ky - ygapHHH Koe( i ] ieHT, [4]. 
Jucm 
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.HKIHO C H C T e M a B i g g a j i e H a B i g TOHKH K o p o T K o r o 3 a M H K a H H i i a 6 o i i noTymariCTb 
B e j i H K a B n o p i B H ^ H H i 3 i H m H M H g > K e p e j i a M H , TO C H C T e M a B B o g u x b C i i B p o 3 p a x y H O K 
g m e p e j i O M E P C H e C K m n e H H o i n o T y m H O C T i 3 n a p a M e T p a M u : 
UC* = 1 = const, S K C = oo, X C = 0, R C = 0, (2 .3) 
^IKH,O K o p o T K e 3 a M H K a H H a p o 3 r a a g a e T b C a n o G j i r o y B i g m u H C H C T e M H a 6 o i i 
n o T y m n C T b n o p i B H i m a 3 n o T y m c H O C T i M H i H m u x r e H e p a T o p i B , TO C H C T e M a B B o g u T b C a 
B p o 3 p a x y H O K g m e p e j i O M E P C K n n i e B o i n o T y m H O C T i : UC* 1, X C 0. O n i p C H C T e M H 
B n b O M y B u n a g K y B r o H a n a e T b C i i 3 a i i C T p y M O M I K C a G o n o T y m c H i C T K ) K o p o T K o r o 
3 a M H K a H H a S K C : 
X c = - T U L - ; (2 .4) 
X c = S ^ . (2 .5) 
Onip TpaHC(J)opMaTopiB BH3HanaeMO 3a Bupa3OM: 
U U 2 
X T = - ^ • -^S (2 .6) 
T 100 S H T 
g e U k - Hanpyra KopoTKoro 3aMHKaHHa,%; 
U H - HOMiHajibHa Hanpyra Bumoi OGMOTKH TpaHC(opMaTopa, K B ; 
SH.T - HOMiHaubHa noTymnCTb TpaHC(opMaTopa, M B A . 
Onip uiHii BH3HanaeMO 3a Bupa3OM: 
X j = X 0 • L , (2 .7) 
r g e X 0 - nuTOMun onip 1 KM jiiHii, O M / KM; 
L - goBmuHa jiiHii, KM. 
Jucm 
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2.2 Pe3yjbTaTH po3paxyHKy CTpyMiB KopoTKoro 3aMHKaHHa 
BuKopucTOByKHH BHiu,eBKa3aHHH ajropuTM 6yjw OTpuMaHi 3HaneHHa CTpyMiB 
KopoTKoro 3aMHKaHHa. Pe3yjbTaTH po3paxyHKy CTpyMiB KopoTKoro 3aMHKaHHa 
HaBegeHO B Ta6nHu,ax 2.1 i 2.2. 
TaGnHiia 2.1 - Pe3yjbTaTH po3paxyHKy CTpyMiB KopoTKoro 3aMHKaHHa 
eneKTpHHHOi nigcTaHiiii B MaKCHMaubHOMy peKHMi nicua peKOHCTpyKiiii 
napaMeTp 
TOHKa KOpOTKOrO 3aMHKaHHa 
K 1 K 2 K 3 K 5 K 6 K 7 
IK, K A 8,535 7,424 2 ,037 7,754 6,840 2,033 
ky 1,72 1,72 1,37 1,72 1,72 1,37 
iy, K A 20,76 18,06 3,95 18,86 16,64 3,94 
TaGnHiia 2.2 - Pe3yjbTaTH po3paxyHKy CTpyMiB KopoTKoro 3aMHKaHHa 
eneKTpHHHOi nigcTaHiiii B MwiMajrbHOMy peKHMi nicua peKOHCTpyKiiii 
napaMeTp 
TOHKa KOpOTKOrO 3aMHKaHHa 
K 1 K 2 K3 K 5 K 6 K 7 
IK, K A 6,609 5,919 2 ,024 6,281 5,661 2 ,022 
ky 1,72 1,72 1,37 1,72 1,72 1,37 
iy , K A 16,08 14,40 3,92 15,28 13,77 3,92 
3 a 3HaneHHaMH CTpyMiB KopoTKoro 3aMHKaHHa B MaKCHMaubHOMy peKHMi 6yge 
nepeBipaTuca eneKTpHHHe o6nagHaHHa Ha eneKTpogHHaMiHHy CTiircicTb. npH 
po3paxyHKy ycTaBOK penefiHoro 3axHCTy Ta aBTOMaTHKH 6ygyTb BHKopHCTOByBaTHca 
CTpyMH aK MaKCHMajbHoro, TaK i MiHiMajbHoro peKHMiB. 
AHani3 CTpyMiB KopoTKoro 3aMHKaHHa noKa3aB, w o Ha CTopoHi 10 K B He 
noTpi6Ha ycTaHOBKa CTpyMOo6MeKyBajrbHHx peaKTopiB, TaK aK po3paxoBaHi CTpyMH 
He nepeBHwyKTb CTpyM BigKHKHeHHa BHMHKana - 16 K A . 
Jucm 
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Ta6nHu,a 2.3 - Pe3yjbTaTH po3paxyHKy CTpyMiB KopoTKoro 3aMHKaHHa gjja 
, w o BigxogaTb 
J l i m a 
TOHKa KopoTKoro 3aMHKaHHa 
M A X peKHM M I N peKHM 
2 7 7 2 1185 1181 
2771 1111 1107 
2 7 7 0 1715 1706 
2774 1248 1243 
2773 1776 1766 
2 8 8 6 1229 1225 
2884 1345 1340 
2 8 8 9 1948 1937 
2 8 8 8 1111 1108 
2 8 8 7 1181 1178 
2 8 8 5 1280 1276 
2883 1379 1374 
Jucm 
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3 B u 6 i p ejieiapHHHoro oGuagHaHHa nigcTaHu,ii 
3 nepmoro nyHKTy BugHo, mo nigcTaHu,ia ocHainem i HHHO 3HomeHHM 
o6nag,HaHHaM. Horo xapaKTepucTHKu BigcTaiOTb Big cynacHux BHMOE, MoKiiHBocTi 
npaiiiOBara B eKcTpeMaibHux yMoBax. ToMy BOHO nigi iarae 3aMiHi. TaKoK g i a 
nigBumeHHa HagifiHocT cxeMH ejieKTponocTanaHHa Heo6xigHa peKoHcTpyKiua 
po3nogiibHoro npucTpoio Ha 110 i 10 K B . 
3.1 B u 6 i p npuHuunoBoi cxeMH po3nogi ibHoro npucTpoio Hanpyroio 110 i 
10 K B 
n p u Bu6opi roioBHoi cxeMH eneKTpuHHux 3'egHaHb nigcTaHu,ii Heo6xigHo 
BpaxoByBaTH HacTynHi BHMoru: 
1) cxeMa noBHHHa 3a6e3nenyBara HagifiHe KHBieHHa npuegHaHux 
cnoKHBaniB B HopMaibHoMy, peMoHTHoMy Ta niciaaBapifiHoMy peKHMax; 
2 ) cxeMa noBHHHa 3a6e3nenyBara HagifiHicTb TparouTy noTyKHocT nepe3 
nigcTaHiuio B HopMaibHoMy, peMoHTHoMy Ta niciaaBapifiHoMy peKHMax; 
3) cxeMa noBHHHa 6 y r a no MoKiHBocTi npocToio, HaonHoio, eKoHoMWHoio i 
3a6e3nenyBaTH 3aco6aMH aBToMaTHKH BigHoBieHHa KHBieHHa cnoKHBaniB B 
niciaaBapifiHifi cHTyaiui 6e3 BTpynaHHa nepcoHaiy; cxeMa noBHHHa gonycKara 
noeTanHHfi PO3BHTOK P n 3 nepexogoM Big ogHoro eTany g o iHmoro 6e3 3HanHux 
po6iT no peKoHcTpyKu,ii i nepepB B KHBieHHi cnoKHBaniB; 
4 ) HHCIO BHMHKaniB, o o g r o n a c r o cnpaiiboByiOTb B MeKax ogHoro P n 
noBHHHo 6yTH He 6 i i b m e gBox npu nomKogKeHHi i i m i i He Giibiiie norapbox npu 
nomKogKeHHi TpaHc opMaTopa. 
CxeMa MicTKa 3 po3'egHyBaneM B nepeMunu,i i BiggiibHHKaMH B K o i a x 
TpaHc opMaTopiB He 3a6e3nenye gocuTb HagifiHoro KHBieHHa cnoKHBaniB, x o n a 
BoHa i npocTa. n p u peKoHcTpyKiui eieKTpuHHoi nigcTaHu,ii 3acTocyeMo cxeMy MicTKa 
3 BHMHKanaMH y TpaHc opMaTopiB. 
Jucm 
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TaKHM HHHOM, Heo6xigHO 3po6HTH 3aMiHy BCTaHOBJieHHX Ha gaHHH MOMeHT 
nacy BiggijibHHKiB i KopoTKO3aMHKaniB Ha BHMHKani. H a pucymcy 3.1 npegcTaBieHa 
cnpomeHa npHHHHnoBa cxeMa HOBOrO po3nogijibHoro npucTpoK Ha CTOpOHi 110 K B . 
Q S 1 
Q S 5 
Q1 
W 1 
Q S 3 Q S 4 
W 2 
Q S 2 
Q S 6 
Q2 
Q S 7 Q S 8 
T 1 T 2 
Q3 Q4 
PHcyHOK 3.1 CnpomeHa cxeMa po3nogijibHoro npucTpoK 110 K B 
y HOpMaibHOMy pe^HMi ceMiinHi po3'egHyBani Q S 3 i Q S 4 BKjiKneHi. npH 
nOmKOg^eHHi Ha W1 BigKironaeTbcii BHMHKan Q 1 , TpaHc opMaTopH T1 i T 2 
3ajiHiHaK>Tbcii B po6oTi, 3B'ii3OK 3 eHeprocucTeMOK 3gincHKeTbcii no W2. npH 
cnpaHbOByBaHHi 3axHcTiB B TpaHc opMaTopi T 1 , BigKironaeTbcii BHMHKan Q3 3 6oKy 
1 0 K B i B H M H K a n Q 1 3 6 o K y 1 1 0 K B . Jlnri i i W 1 3 a j i H H i H j i a c i i B p o 6 o n o M y p e > K H M i . 
n p H n o m K o g ^ e H H i H a W 2 B i g K U K H a e T b c a B H M H K a n Q 2 i 3 B ' i i 3 O K 3 
eHeprocHcTeMOK 6yge 3gincHKBaraci i no W 1 . n p H noiHKog>KeHHi 
TpaHc opMaTopa T 2 BigKiKnaeTbcii BHMHKan Q4 i Q2. TaKHM HHHOM, urnm W 2 
3aiHmaeTbca B po6oTi. 
H a cTopoHi 10 K B 3ajiHiHHMO KOJIHIHHK cxeMy eneKTpHHHHx 3'egHaHb 3 ogHiei' 
ceKHioHOBaHOK cucTeMOK HHH, TOMy m o BOHa BignoBigae BciM nepepaxoBaHHM 
BHine BHMoraM. TijibKH 3aMiHHMO BHMHKani Ha cynacHi. 7J,aHa cxeMa npegcTaBjieHa 
Jucm 
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Ha pncyHKy 3.2. BuMHKan Q5 B HopMaibHOMy peKKHMi BigKiKneHHii 3 MeTOK> 
oGMeKceHHi CTpyMiB K 3 . 
C x e M a 3 o g H i e K c e K n i o H O B a H O K C H C T e M O K O H H g o 3 B O J i i i e B H K o p u c T O B y B a T H 
Bce TOH K e KOMnneKTHHH po3nogijn>HHH npucTpifi THny K P Y 2 - 1 0 , mo 3HHKcye 
BapTicTb MOHTaKy, go3BOJiHTb mupoKO 3acTocoByBaTH MexaHi3an,no Ta 3MeHmHTH 
nac cnopygKceHHii eueKTpoycTaHOBKH. KoMnjieKTHHH po3nogijn>HHH npucTpifi K P Y 2 -
10 BignoBigae BHMoraM T Y PB 100046015 .003-2002 . 
T2 
Q3 I y Q4 
Q5 
Q6 Q 7 Q8 Q9 Q10 Q11 Q12 Q13 Q14 Q 1 5 Q16 Q n 
V V V \K V \J/ V V V V V !/ 
PucyHOK 3.2 - CnpomeHa cxeMa po3nogijn>Horo npucTpoK 10 K B 
3.2 B u 6 i p CHJIOBHX TpaHc opMaTopiB Ha nigcTaHnii 
TepMiHH cuyKcGH o6ox CHJIOBHX TpaHc opMaTopiB MHHyjiH, TOMy BOHH 
nigjiiiraKTb 3aMiHi. Bu6opy onTHMaibHOi noTyKCHocri TpaHc opMaTopiB 
Heo6xigHO gocuigKcyBaTH ix peKHMH po6oTH i BH3HanHTH MaKcuMajibHe 
HaBaHTaKceHHii eueKTpHHHOi nigcTaHnii. AHajii3 OTpHMaHHx gaHHx go3BOJiHTb 
3po6uTH BHCHOBOK npo 3aBaHTaKceHHii CHJIOBHX TpaHc opMaTopiB. i lKmo Koe i^ieHT 
3aBaHTaKceHHii BHiBHTbcii He BHCOKHM (K3<0 ,5 ) , TO BHHHKHe Heo6xigHicTb 3aMiHH 
TpaHc opMaTopiB Ha TpaHc opMaTopH MeHmoi noTyKHocTi. n p u nbOMy Heo6xigHO 
BpaxyBaTH cTa6iubHicTb peKHMiB po6oTH TpaHc opMaTopiB Ta nepcneKTHBH 
36inbmeHHa HaBaHTaKceHHii. 
Jucm 
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,H,ia goc i igKeHHa peKHMiB p o 6 o r a CHIOBHX TpaHc opMaTopiB BHKopucTaeMo 
rpa iKH go6oBux HaBaHTaKeHb (puc. 3.3 i 3.4). 
rpai|>iK HaBaHTameHHfl T1 
120 -| 1 
ioo 1 |-| I- - -i— —|-i—i-l I- -I I 
80 
< 60 
40 
20 
o -I—L|—̂ —̂ —̂ —L|—̂ —̂ —̂ —4—̂ —̂ —̂ — |—̂—̂—4—̂—̂—̂— |—̂ —̂ —̂ — 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 
t, rog 
PucyHoK 3.3 - ^ p a iKH HaBaHTaKeHHa Ha nigcTaHiiii g i a TpaHc opMaTopa T 1 
rpa(|>iK HaBaHTaKeHHa T2 
165 T 1 
160 " " "I—I 1 H I 
155 1— 
150 1 1—i-l |-| I - - I | - | — I 
145 
140 -I—L|—L|—L|—L|—L|—L|—L|—L|—L|—L|—L|—L|—L|—L|—L|—L|—L|—L|—L|—L|—L|—L|—L|—L 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 
t, rog 
PucyHoK 3.4 - ^ p a iKH HaBaHTaKeHHa Ha nigcTaHiiii g i a TpaHc opMaTopa T 2 
BuKopucTOByiOHH gaHi rpa iKiB BH3HanuMo 3HaneHHa noTyKHocTefi, o 
nporiKaiOTb nepe3 TpaHc opMaTopH T1 i T 2 . 3HaneHHa noTyKHocT BH3HanuMo 3a 
opMyIo : 
Jucm 
5P 5.6.141.640 3 22 
H3M. Jucm N°JJoKyMeHma flama 
S = V 3 • U-1, (3 .1) 
ge U - Hanpyra, K B ; 
I - noKa3H aMnepMeTpiB Ha BignoBigHi MOMeHTH nacy, A . 
7J,ajii BH3HanaeMO KoecJrinieHT 3aBaHTa>iceHHii TpaHc opMaTopiB T1 i T 2 no 
(J)opMyjii: 
ge SHT - HoMiHaibHa noTyaoiicTb TpaHc(opMaropa, K B A ; 
S - HaBaHTa^eHHa Ha BignoBigHi MoMeHTH nacy, K B A . 
HanpHKiag, gun 1 rogHHH Honi noTymiicTb, cnoimreara Ha cTopoHi 10 K B 
nigcTaHiiii B 2 0 1 8 poni gun TpaHc(opMaropa T1 3a (opMyjioio (3 .1) cTaHoBHTb: 
Sml = V3.10• 87 = 1506,88 K B A . 
/ J g a TpaHc(opMaropa T 2 : 
S m 1 = 3.10-150 = 2598,08 K B A . 
Togi 3a (opMyjioio (3 .2) Koe(inieHT 3aBaHTa^eHHa gun TpaHc(opMaropa T 1 : 
3 10000 
/ J g a TpaHc(opMaTopa T 2 : 
3 10000 
noga ibmHH po3paxyHoK npoBogHTbca aHajiorinHo i GygyiOTbca rpa( iKH 
3ajie:>KHocTi Koe(inieHTa 3aBaHTa>KeHHii i noTymiocr i Big nacy go6H. ( rpa ( iKH He 
npegcTaBjieHi). OKpeMo BHHeceMo r p a ( i K 3ane^HocTi Koe(inieHTa 3aBaHTa>iceHHii 
Big nacy go6H 3a 2 0 1 8 piK gun TpaHc(opMaropa T1 i T 2 Ha pHcymcy 3.5. 
Jucm 
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K3 
0,3 
0,28 
0,26 
0,24 
0,22 
0,2 
0,18 
0,16 
0,14 
0,12 
0,1 H I I I I I I I I I I I I I I I I I I I I I I r t, H 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 
T1 - » - T 2 
PncyHOK 3.5 - 3ajieKHicTb KoecjriiueHTa 3aBaHTaKeHHii Big nacy g o 6 n 
3 aHajii3y rpacJriKa BHgro, , 3HHKeHHii cnoKCHBaHHa noTyKHOCTi cnoKHBaniB 
y nopiBH^HHi 3 npoeKTHHMH gaHHMH BniHHyjio Ha cTyniHb 3aBaHTaKCeHH5I 
TpaHc opMaTopiB, 3MeHmHBmn ^ ^ ^ 3aBaHTaKeHHii TpaHc opMaTopa T1 g o 
1 9 % i TpaHc opMaTopa T 2 g o 2 9 % . ToMy Heo6xigro 3aMiHHTH TpaHc opMaTopH Ha 
TpaHc opMaTopH MeHinoi noTyKHocTi. 
B n 6 i p KiibKocTi TpaHc opMaTopiB 3ajieKCHTb Big BHMor g o HagifiHocT 
eneKTponocTanaHHa cnoKHBaniB. TaK JIK Ha nigcTaHiiii e cnoKHBan I KaTeropii, TO 3a 
yMoBoio HagifiHocTi noTpi6Ha ycTaHoBKa gBox TpaHc opMaTopiB. 
Po3paxyHKoBa noTyKHicTb TpaHc opMaTopiB BH3HanaeTbca 3a opMy IOK>: 
S =— — , (3 .3) 
ge Sp - po3paxyHKoBa noTyKHicTb TpaHc opMaTopa, K B A ; 
Sp - Hafi6i ibma noTyKHicTb, ino npoTiKae no TpaHc opMaTopy npn 
HafiripmoMy peKHMi, K B • A ; 
n - KiibKicTb TpaHc opMaTopiB Ha nigcTaHiiii; 
KaB - aBapifiHHfi ^ ^ 1 ^ 3aBaHTaKeHHa TpaHc opMaTopa. 
Jucm 
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B u 6 i p BCTaHOBjieHoi' noTyKHocri TpaHc opMaTopiB Ha nigcTaHnii 
nepeBipaeTbca 3a yMOBaMH ix po6oTH B HopMaibHoMy i niciiaaBapifiHOMy peKHMax. 
K O ^ i n i e H T 3 a B a H T a K e H H a T p a H c o p M a T o p a B H o p M a i b H o M y p e K H M i 
B H 3 H a n a e T b c a 3 y M O B H : 
K"fpM = < 0,7 , (3 .4) 
2
 S m 
g e ST - H O M i H a i b H a n o T y m r i c T b T p a H c o p M a T o p a , K B A . 
T o g i B n i c i i a a B a p i f i H O M y p e K H M i , B u x o g a n u 3 g o n y c T H M o r o n e p e B a H T a K e H H a B 
4 0 % , ^ ^ ^ 3aBaHTaKeHHa noBHHeH BignoBigara yMOBi: 
K? = < 1,4, (3 .5) 
HaBaHTaKeHHa nigcTaHnii' B HafiripmoMy peKHMi cTaHOBHTb: 
SHg = 1905,26 + 2944,49 = 4849,75 K B A . 
B u 3 H a n u M O p o 3 p a x y H K O B y n o T y K H i c T b T p a H c o p M a T o p i B 3 a o p M y I o ( 3 . 3 ) : 
4849 75 
Spam = 4 8 4 9 , 7 5 = 3464,11 K B A . 
p a c v 1,4 • (2 - 1 ) 
/J,aHe 3HaneHHa OKpyriaeMO g o HafiGuroKHoro Giibinoro 3HaneHHa i Bu6epeMO 
TpaHC opMaTOp 3 HOMiHajIbHOK) noTyKHicTK 4000 K B - A . 
K O ^ i n i e H T 3aBaHTaKeHHa B HopMaibHoMy peKHMi cTaHOBHTb: 
4849 75 
K»opM = ,— = 0,61, njo 3agoBOibHae yMOBi (3 .4) . 
3 2•4000 J v / 
K O ^ i n i e H T 3aBaHTaKeHHa B niciiaaBapifiHOMy peKHMi cTaHOBHTb: 
3 K = 
4849 75 
— = 1,21, ino 3agoBOibHae yMOBi (3 .5) . 
4000 
OcTaTOHHO npufiMaeMO gBa TpaHc opMaTopa Tuny T M H - 4000 /110 /10 . 
3.3 B u 6 i p cuiOBoro oGuagHaHHa Ha cTopoHi 110 K B 
3.3.1 B u 6 i p KOMyTanifiHOi anapa iypu 
BuMHKani e OCHOBHHM KOMyTanifiHHM anapaTOM i c iyKaTb g i a BigioiiKHeHHa i 
BKiiKHeHHa Ki i B pi3Hux peKHMax po6oTH. Haf i6 i ibm BignoBigaibHOK onepanieiK e 
Jucm 
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BigicjiiOHeHHii CTpyMiB KopoTKoro 3aMHKaHHa i BKjiiOHeHHii Ha icHyione KopoTKe 
3aMHKaHHa. 
B n 6 i p BHMHKaniB 3giiicHK>K>Tb 3a HacTynHHMH napaMeTpaMH: 
- 3a Hanpyroio eiieKTpoycTaHoBKH: 
U y c T — UHOM, (3 .6) 
ge U H o M - HoMiHaibHa Hanpyra BHMHKana, K B . 
- 3a TpHBaiHM po3paxyHKoBHM CTpyMoM 3 ypaxyBaHHiiM MO>KJIHBHX TpHBaiHX 
nepeBaHra>KeHb ocHoBHoro o6jiagHaHHii:: 
ge I H o M - HoMiHaibHHH CTpyM BHMHKana, A . 
nepeBipKa Ha eueKTpogHHaMinHy CTiircicTb BHKoHycTbCii 3a yMoBaMH: 
1no — 1 g H H ; (3 .8) 
i — / (3 9 ) 
ge I n o , i y - po3paxyHKoBi 3HaneHHii nep iogunro i CKjiagoBoi CTpyMy KopoTKoro 
3aMHKaHHii i ygapHoro CTpyMy B Ko i i , K A ; 
I g H H , IM gHH giione Ta aMnjiiTygHe 3HaneHHii rpaHHnHoro i HacKpi3Horo CTpyMy 
KopoTKoro 3aMHKaHH5I' K A . 
H a TepMinHy CTiircicTb BHMHKan nepeBipjnoTb 3a yMoBoio: 
— /T • / T , (3 .10) 
ge B K - po3paxyHKoBHH iMnyjibc KBagpa ran ro ro CTpyMy K 3 , K A 2 C ; 
I T - CTpyM TepMWHoi CTiircocTi anapaTy, K A ; 
t T - nac npoTiKaHHa CTpyMy TepMinHoi CTifiKocTi. 
3mneHHii TepMinHoro iMnyjibcy BH3HanaK>Tb 3a BHpa3oM: 
Be = , - ( / O T K I + Ta ) (3 .11) 
ge t o T K i - nac BigiuiioneHHii K 3 , c; 
T a - nocTifiHa nacy 3aracaHHa, c [4]. 
^ a c BigKjiioneHHii K 3 BH3HanaeTbCii 3a opMy^o : 
Jucm 
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pco'egHyBaniB 3a MaKCHMajibHHH PO6OHHH CTpyM npuiiMaeTbCii 7 0 % HOMiHaubHoro 
CTpyMy cuuoBoro TpaHC(J)opMaTopa. 
TaGuunii 3.1 - Pe3yubTara BuGopy BHMHKaniB Ha CTopoHi 110 K B 
YMOBHC 
no3HaneHHa 
BHMHKana 
T u n 
BHMHKana 
po3paxyHKOBi 
napaMeTpu 
KaTauoKHi gaHi 
BHMHKana 
YMOBa 
Bu6opy 
Q1 
L T B -145 
D 1 
U y C T = 1 1 0 K B U H O M = 1 4 5 K B U y C T — U H O M 
iMaKC ~ 9 , 3 9 A IHOM=2000 A I M a K C ^ I H O M 
I n o = 7 , 4 2 K A I g H H = 4 0 K A I n o — I g u H 
i y = 1 8 , 0 6 K A IM g u H 65 K A 
B K = 8 , 5 3 K A 2 C I T 2 - t T = 4 0 2 - 3 = 4 8 0 0 K A 2 C BBK— IT 
I n o = 7 , 4 2 K A IOTKI = 4 0 K A I n O — I O T K I 
3 = 2 2 , 2 % 3 H O M 4 7 % J _ i JHOM 
Q 2 
L T B - 1 4 5 
D 1 
U y C T = 1 1 0 K B U H O M = 1 4 5 K B U y C T — U H O M 
I M a K C = 2 9 , 3 9 A IHOM=2000 A I M a K C — I H O M 
I n o = 6 , 8 4 K A I g H H = 4 0 K A I n o — I g u H 
i y = 1 6 , 6 3 K A 
B K = 7 , 2 5 K A 2 C I T 2 - t T = 4 0 2 - 3 = 4 8 0 0 K A 2 C BK— IT 
I n o = 6 , 8 4 K A = 4 0 K A I n O — I O T K I 
3 = 2 2 , 3 % PHOM = 4 7 % R — RHOM 
CTpyM B MaKCHMaubHOMy peKHMi gopiBHKe g u a po3'egHyBana Q S 1 : 
4000" 1,4 _ S H . T T " 1 , 4 29,39 A. 
V3" ^ H O M V3" 110 
BuGupaeMO po3'egHyBan Tuny D - 123 3 HOMiHaubHHM CTpyMOM 1600 A. 
110 K B — 123 K B - yMOBa (3 .7) BuKOHyeTbca. 
29 ,39 A — 1600 A - yMOBa (3 .8) TaKOKK BuKOHyeTbca. 
nepeBipuMO po3'egHyBan Ha eueKTpoguHaMWHy CTiircicTb 3a yMOBOK) (3 .9 ) i 
(3 .10) . 
7,42 K A — 40 K A - yMOBa (3 .9) BuKOHyeTbca. 
18,06 K A — 65 K A - yMOBa (3 .10) TaKOK BuKOHyeTbca. 
nepeBipuMO po3'egHyBan Ha TepMinHy CTiircicTb 3a yMOBOK (3 .11) . nboro 
BromnuMO 3HaneHHii TepMWHoro iMnyubCy 3a Bupa3OM (3 .12) : 
B K _ 7,42 2 • (0,1 + 0,02 + 0,02) _ 7,67 K A 2 C . 
7,67 < 40 2 • 3 _ 4800 K A 2 C - yMOBa (3 .11) BuKOHyeTbca. 
Jucm 
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OcTaTOHHO BnGHpaeMO po3'egHyBan THny D - 123. Po3'egHyBan nocTaBniierbcii 
noBHicTK BigperyjibOBaHHM, yKOMnneKTOBaHuM 3aBogcbKHMH onopaMH. TepMiH 
eKcnnyaranii 40 poKiB. 
PemTa po3'egHyBaniB BuGupaKTbca aHanorinHO. Pe3ynbTara BuGopy 3BegeMO B 
TaGnunK 3.2. 
TaGnunii 3.2 - Pe3yjibTara BuGopy po3'egHyBaniB Ha cTopoHi 110 K B 
YMOBHe 
no3HaneHHa 
BHMHKana 
T u n 
BHMHKana 
po3paxyHKOBi 
napaMeTpu 
KaTanoKHi gaHi 
BHMHKana 
YMOBa 
BuGopy 
Q S 1 , Q S 5 D - 123 
U y c T = 1 1 0 K B UHOM=123 K B U y c T — U H O M 
i M a K c = 2 9 , 3 9 A IHOM=1600 A I M a K c ^ I H O M 
I n o = 7 , 4 2 K A I g H H = 4 0 K A I n o — I g u H 
i y = 1 8 , 0 6 K A 
B K = 7 , 6 7 K A 2 C I T 2 - t T = 4 0 2 - 3 = 4 8 0 0 K A 2 C BBK— IT 
Q S 3 , Q S 4 D - 123 
U y c T = 1 1 0 K B UHOM=123 K B U y c T — U H O M 
IMaKc = 1 4 , 6 9 A IHOM=1600 A I M a K c — I H O M 
I n o = 7 , 4 2 K A I g H H = 4 0 KA I n o — I g u H 
i y = 1 8 , 0 6 K A 
B K = 7 , 6 7 A 2 - C I T 2 - t T = 4 0 2 - 3 = 4 8 0 0 K A 2 C BK— IT 
Q S 2 , Q S 6 D - 123 
U y c T = 1 1 0 K B UHOM=123 K B U y c T — U H O M 
I M a K c = 2 9 , 3 9 A IHOM=1600 A I M a K c — I H O M 
I n o = 6 , 8 4 I g H H = 4 0 KA I n o — I g u H 
i y=16 ,63 K A IM g u H 65 K A 
B K = 6 , 5 5 K A 2 C I T 2 - t T = 4 0 2 - 3 = 4 8 0 0 K A 2 C BK— IT 
3.3.2 BuGip oGMe^yBaniB nepeHanpyru 
OcTaHHiM nacoM Big pi3Horo Tuny nepeHanpyr 3aMicTb po3pagHuKiB 
BcTaHOBjiK>K>Tb oGMe>KyBaHi nepeHanpyr ( O n H ) . y HUX BigcyTHi icKpoBi npoMDKKu, 
i cTpyM BuTOKy He nepeBunrye 1 M A . n p u iMnynbcHux Hanpyrax po3pagHun cTpyM 
MeHme 100 K A . BOHU MaKTb Ginbm nonory BonbT-ceKyHgHy xapaKTepucTuKy B 
nopiBH^HHi 3 po3pagHuKaMu. O n H nopag 3 rpo3O3axucTOM e eKTHO oGMe^yKTb 
KOMyraninHi i pe3OHaHcHi nepeHanpyru B ejieKTpoycTaHOBKax. 
O n H BcTaHOBiKKTb Ha Micna, g e pamnie Gynu BcTaHOBneH BenranbHi 
po3pagHuKu. O n H BuGupaKTb no HOMiHanbHin Hanpy3i Mepe^i . OcKinbKu noTpiGHO 
O n H 3OBHimHboi ycraHOBKu, TO BuGepeMO O r i H - y / T E L - 1 1 0 / 8 4 - y X J I 1 . y 
HenTpanoBi TpaHc opMaTopa BcraHOBuMO O n H 3 HOMiHanbHOK HanpyroK, piBHOK 
Jucm 
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nojiOBHHi Hanpyrn Mepe^i O n H - y / T E L - 3 5 / 4 0 , 5 - y X J I 1 g i a TpaHC(J)opMaTopa T1 H 
O n H - y / T E L - 3 5 / 4 0 , 5 - y X ^ 1 + O n H - y / T E L - 1 5 / 1 7 , 5 - y X ^ 1 giia TpaHc(opMaTopa T2 . 
3.4 BuGip c u i o B o r o oGiagHaHHa Ha CTopoHi 10 K B 
H a CTopoHi 10 K B Heo6xigHo npoBecTH BuGip KoMyTaninHoi anapaTypu, 
BHMip^BaibHoi anapaTypu, TpaHc(opMaTopiB BiacHux noTpe6, 3a3eMnra^HHx 
peaKTopiB, a TaKo>K 3aco6iB 3axucTy Big nepeHanpyr. 
3.4.1 BuGip KoMyTaninHoi anapaTypu 
BuGepeMo BHMHKani B KoMipKax K P y 2 - 1 0 . yMoBH BuGopy BHMUKaniB i 
npuKjiag BuGopy HaBegeHo B nyHKTi 3 .3 .1 . H a cTopoHi 10 K B 6ygeMo 
BHKopucToByBaTH BaKyyMHi BHMHKani Tuny B B / T E L - 1 0 . 
^ n a BBigHoro BHMUKana 3a MaKcHMaubHun poGonun cTpyM npunMaeMo 
HoMiHaibHun cTpyM TpaHc(opMaTopa Ha cTopoHi 10 K B 3 ypaxyBaHHaM M O ^ H B O H ) 
nepeBaHTa^eHHa B 4 0 % : 
_V3• UHOM _ VJ .10 _ 3 2 3 . 1 6 A . 
^ n a ceKuiftHoro BHMUKana 3a MaKcuMaibHun poGonun cTpyM npunMaeMo 7 0 % 
HoMiHaibHoro cTpyMy cujioBoro TpaHc(opMaTopa: 
J _ S,.TT • 0 , 7 _ 4 0 0 0 • 0 , 7 _ 1 6 1 6 6 A 
^ u a iiHinHoro BHMUKana 3a MaKcuMaibHun poGonun cTpyM npunMaeMo 
MaKcuMaibHun cTpyM ogHiei 3 nnrin, ino BigxogaTb. HaBaHTa^eHHa no ( i g e p a x 
npegcTaBuero B TaGnHiii 3.3. Pe3yibTaTH BuGopy iiHinHux BHMUKaniB HaBegeHi B 
TaGuHni 3.4. 
TaGnHiia 3.3 - HaBaHTa^eHHa no ( i g e p a M nigcTaHnii, n o BigxogaTb 
O i g e p HaBaHTa>KeHHa, A O i g e p HaBaHTa>KeHHa, A 
2 7 7 2 23 ,09 2884 29 ,97 
2771 21 ,99 2889 12,46 
2 7 7 0 17,32 2888 36,73 
2774 28 ,94 2887 29 ,10 
2773 18,66 2885 25 ,11 
2 8 8 6 13,55 2883 23 ,08 
Jucm 
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TaGuunii 3.4 - Pe3yubTaTu BuGopy BuMuianiB Ha CTopoHi 10 K B 
YMOBHe 
no3HaneHHa 
BuMuKana 
Tun 
BuMuKana 
Po3paxyHKOBi 
napaMeTpu 
KaTauoKHi gaHi 
BuMuKana 
YMOBa 
BuGopy 
Q 3 , Q 4 
B B / T E L -
10 
U y c T = 1 0 K B U H O M = 1 0 K B U y C T — U H O M 
I M a K C = 3 2 3 , 1 6 A IHOM = 6 3 0 A I M a K C — I H O M 
I n o = 2 , 0 4 KA I g u H = 1 2 , 5 K A I n o — I g u H 
i y = 3 , 9 5 K A 
B K = 0 , 5 6 K A 2 C IT 2 "tT=12,5 2 3=468,8KA 2 c BBK— IT 
I n o = 2 , 0 4 K A IOTKU = 1 2 , 5 K A I n O — I O T K U 
R = 8 , 2 % RHOM = 4 0 % R — RHOM 
Q 6 - Q 1 9 
B B / T E L -
10 
U y c T = 1 0 KB U H O M = 1 0 K B U y C T — U H O M 
I M a K C = 3 6 , 7 3 A IHOM = 6 3 0 A I M a K C — I H O M 
I n o = 2 , 0 4 KA I g u H = 1 2 , 5 K A I n o — I g u H 
i y = 3 , 9 5 K A 
B K = 0 , 5 6 K A 2 C IT 2 "tT=12,5 2 3=468,8KA 2 c BK— IT 
I n o = 2 , 0 4 K A I O T K U = 1 2 , 5 K A I n O — I O T K U 
R = 8 , 2 % RHOM = 4 0 % R — RHOM 
Q5 
B B / T E L -
10 
U y c T = 1 0 KB U H O M = 1 0 K B U y C T — U H O M 
IMaKC = 1 6 1 , 6 6 A IHOM = 6 3 0 A I M a K C — I H O M 
I n o = 2 , 0 4 K A I g u H = 1 2 , 5 K A I n o — I g u H 
i y = 3 , 9 5 K A IM g u H 32 K A 
B K = 0 , 5 6 K A 2 C IT 2 "tT=12,5 2 3=468,8KA 2 c BBK— IT 
I n o = 2 , 0 4 K A I O T K U = 1 2 , 5 K A I n O — I O T K U 
R = 8 , 2 % RHOM = 4 0 % R — RHOM 
3.4.2 BuGip KOHTpoubHO-BuMipKBaubHux npuuagiB 
KoHTpoub Hag peKuMOM poGoTu ocHOBHoro i gonoMDKHoro oGuagHaHHa Ha 
nigcTaHniax 3gificHKeTbca 3a gonoMoroK KOHTpoubHO-BuMipKBaubHux npuuagiB. 
BignoBigHO g o n Y E [1] peecTpyBaubHi euenTpoBuMipiKBaubHi npuuagu 
noBuHHi Mara Kuac TOHHOcri He HuKne 2 ,5 , uinuubHuKu aKTuBHOi eHeprii, 
npu3HaneHi gun rpomoBux po3paxyHKiB (po3paxyHKOBi uinuubHuKu) - He HroKie 2,0. 
K u a c TOHHOCTi uinuubHuKiB peaicraBHOi eHeprii' BuGupaKTb Ha oguH maGeub Hroicqe 
Kuacy TOHHOCTi BignoBigHux uinuubHuiiB aKTuBHoi eHeprii. Tina (JriKcyiKHux 
Jucm 
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npmiagiB gonycKaexbca K i a c TOHHOCTI 3,0. AMnepMeTpH nigcTaHniii Ta 
po3noginbHHx npncTpoiB MOKyTb MaTH K i a c TonHocri 4,0. 
IiigcTaHniii e TynHKoBoio, ToMy KoHTpoibHo-BHMipiOBanbHi n p u i a g u 
BcTaHoBHMo TilbKH Ha HH3bKift cTopoHi. BcTaHoBHMo noegHaHHH IlinHIIbHHK 
aKTHBHoi i peaKTHBHoi eneKTpoeHeprii KoHnepHy «EHeproMipa» I I E 6 8 5 0 (Kiac 
TonHocTi 1,0). YcTaHoBKa aMnepMeTpiB Heo6oB'ii3KoBa, ToMy mo B cynacHHx 
MncponponecopHHx npucTpoax peiefiHoro 3axucTy e (JjyHKniii, mo go3Boii ie 
peecTpyBaTH napaMeTpu (B ToMy n u c i i i HaBaHTa^eHHa) eieMeHTa, JIKHH BOHH 
3axHiu,aK>Tb. 
3.4.3 BH6ip TpaHc opMaTopiB cTpyMy i HanpyrH 
BH6ip TpaHc opMaTopiB cTpyMy ( T A ) npoBogHTbca 3a HacTynHHMH yMoBaMH: 
- 3a Hanpyroio ycTaHoBKH: 
U y c T — UHOM, (3 .20) 
ge HoMiHaibHa Hanpyra TpaHc opMaTopa cTpyMy, K B ; 
- 3a cTpyMoM ycTaHoBKH: 
^MaKc — ̂ HOM , ( 3 . 2 1 ) 
ge I H O M - HoMiHanbHHH nepBHHHHfi cTpyM TpaHc opMaTopa cTpyMy, A ; 
- 3a KoHcTpyKnieio i KiacoM TonHocTi; 
n e p e B i p a ^ T b TpaHc opMaTop cTpyMy Ha gHHaMinHy cTiircicTb 3a yMoBoio: 
' y g — , (3 .22) 
ge igHH - cTpyM eieKTpogHHaMinHoi criiiKocTi, K A . 
nepeBipKa Ha TepMinHy cTiftKicxb npoBogHTbca 3a yMoBoio: 
B — I2 • (3 2 3 ) 
k mep mep-> y J.z. Jj 
ge t T e p - gonycTHMHfi nac nporiKaHHii cTpyMy TepMinHoi criiiKocTi, C; 
B K - po3paxyHKoBHfi iMnyibc KBagpaTHnHoro cTpyMy K 3 , K A 2 C ; 
I T e p - cTpyM TepMinHoi criiiKocTi, K A . 
3 a BTopHHHHM HaBaHTa>KeHHiIM: 
Jucm 
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Z2 < Z l H O M , (3 .24) 
ge Z 2 HOM - HOMiHanbHa gonycTHMe HaBaHraaceHHii B o6paHOMy Kjjaci TOHHOCTI, 
O M ; 
Z 2 – B T o p n H H e H a B a H T a ^ e H H a T p a H c o p M a T o p a C T p y M y , OM. 
i H g y K T H B H H H o n i p B T o p n H H H x K i n H e B e j i H K H i i , T O M y B T o p n H H e H a B a H T a ^ e H H a 
B H 3 H a n a e T b c a 3 a o p M y n o : 
g e r n p H e . - o n i p n p u j j a g i B , O M ; 
r n p . - o n i p B H M i p K m a j J b H H x n p o B o g i B , O M ; 
r K . - n e p e x i g H H H o n i p K O H T a K T i B , OM. 
O n i p n p u n a g i B B H 3 H a n a K T b 3 a o p M y n o K : 
r. 
npn6 
npn6 J 
2 HOM 
(3 .26) 
ge I 2 HOM - HOMiHajJbHHH BTopuHHufi cTpyM TpaHc opMaTopa cTpyMy, A ; 
S n p H 6 . - n o T y ^ H i c T b , cno^HBaHa npauagaMH, B A . 
Onip KOHTaKTiB npnHMaeTbca piBHHM 0,05 O M npu Mam'fi KmbKocri npujjagiB i 
0,1 O M - npu BenHKifi KmbKocri npujjagiB. 
Onip npoBogiB 3ajje>KHTb Big lx goB>KHHH i nepeTHHy. 
fl,na npHKjjagy 3po6uMO Bu6ip TpaHc opMaTopiB cTpyMy Ha BBogax. 
B n G n p a e M O T p a H c o p M a T o p c T p y M y T u n y T K K - 1 0 3 H O M i H a n b H H M c T p y M O M 
BTOpHHHOl O6MOTKH 4 0 0 A. 
YMOBa (3 .20) 10 K B < 10 K B BHKOHyeTbca. 
YMOBa (3 .21) 323 ,16 A < 400 A BHKOHyeTbca. 
3 a yMOBOK (3 .22) nepeBipuMO TpaHc opMaTop cTpyMy Ha ejjeKTpoguHaMiHHy 
cTifiKicTb. 3,95 K A < 4 5 , 7 K A , TO6TO yMOBa BHKOHyeTbca. 
nepeBipuMO TpaHc opMaTop cTpyMy Ha TepMWHy cTifiKicTb 3a yMOBOK 
(3 .23) . 0,56 < 18 2 • 3 = 972 K A 2 C - yMOBa (3 .23) BHKOHyeTbd. 
Jucm 
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Ta6jiHu,ii 3.6 - B u 6 i p TpaHc opMaTopiB CTpyMy Ha BBogax 
Tun Po3paxyHKOBi gaHi KaTanoKHi g a m YMoBa Bn6opy 
T n K - 1 0 
U y c T = 10 KB UHOM= 10 K B U y c T — UHOM 
I m a x = 323 ,16 A IH= 4 0 0 A I m a x
 —
 IHOM 
iy = 3,95 K A i g u H = 45,7 K A i y — i g H H 
BK = 0,56 K A 2 C IT 2 -KT = 9 7 2 K A 2 C B K — I T 2 - K T 
Peiin a TpaHc opMaTopiB cTpyMy BuGupaiOTbcii aHanorinHo. 
Pe3yjibTara Bu6opy TpaHc opMaTopiB cTpyMy Ha niHmx, ino BigxogiiTb 
3BogHMo B TaGnmno 3.7. 
Ta6nnu,a 3.7 - B u 6 i p TpaHc opMaTopiB cTpyMy Ha niHiax, ino BigxogaTb 
Tun Po3paxyHKoBi gaHi KaTanoKHi gaHi YMoBa Bn6opy 
T n K - 1 0 
U y c T = 10 KB UHOM= 10 K B U y c T
 —
 UHOM 
I m a x = 3 6 , 7 3 A IH= 50 A I m a x
 —
 IHOM 
iy = 3,95 K A ig j iH 5,1 K A i y — i g H H 
BK = 0,56 K A 2 C IT 2 - K T = 1 2 K A 2 C B K — I T 2 - K T 
TpaHc opMaTopH Hanpyru BuGupaiOTbcii 3a HacTynHHMH yMoBaMH: 
- 3a HoMiHanbHora Hanpyroio: 
^ y c T — ^ H O M , (3 .27) 
ge U 1 H O M - HoMiHanbHa nepBHHHa Hanpyra; 
- 3a BTOPHHHHM HaBaHTaKeHHilM: 
— ^ 2 H O M , (3 .28) 
ge S 2 - noTyKHicTb 3oBHimHboro BTopuHHoro Kona (BTopuHHe HaBaHTaKeHHii); 
S 2 H O M - HoMiHanbHe BTopuHHe HaBanTaaceHHii; 
- 3a KnacoM TonHocTi; 
- 3a KoHcTpyKnieio. 
B u 6 i p TpaHc opMaTopiB Hanpyru 3BoguMo B Ta6nun,o 3.8. B u 6 i p BHKoHyeMo 
3a Han6inbin 3aBaHTaKeHin ceKnii. 
Jucm 
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Ta6jjHiiii 3.8 - B u 6 i p TpaHc opMaTopiB Hanpyra 
Ha3Ba i Tun npujjagy 
HicTb 
ogHiei 
KOTym 
Ku 
HUCJJO 
KOTym 
OK 
cos sin 
HUCJJO 
npujja 
giB 
AKTUB 
Ha, B T 
PeaKTu 
BHa, 
B a p 
BojbTMeTp 2 1 1 0 1 2 -
^inuHbHuK aKTuBHufi 2,5 2 0,38 0,925 8 15,2 37 
peaKTuBHufi 2,5 
2 0,38 0,925 7 13,3 32 ,38 
Pa3OM 
T o g i HaBaHTa>KeHHii BTopuHHux Kin TpaHc opMaTopa Hanpyra gopiBHKe: 
S 2 =ylf2 + Q2 = V30,52 + 69,38 2 = 75,79 B A . 
OGupaeMO TpaHc opMaTop Hanpyra Tuny H A M H T - 1 0 - Y 3 3 HOMiHanbHuM 
BTOpuHHuM HaBaHTa>KeHH5IM 2 0 0 B A npu Kjac i TOHHOcTi 0,5. 
3.4.4 B u 6 i p TpaHc opMaTopiB BjjacHux noTpe6 
TpaHc opMaTopH BjjacHux noTpe6 Ha nigcTaHiiii BupoGumi 
aMopTroanifiHuii TepMiH c n y ^ 6 u , TOMy 3po6uMO i'x 3aMiHy. TaKO>K npu 
peKOHcTpyKiii' nigcTaHnn 3MiHuBca cKjjag cno^uBaniB BjjacHux noTpe6. y 
TaGmmi 3.9 HaBegeHO HOBUII cKnag cnomreaniB BjjacHux noTpe6. 
Ta6nun,a 3.9 - CKjjag cno^uBaniB BjjacHux noTpe6 
BnacHi noTpe6u nigcTaHiii' 
BcTaHOBneHa 
noTyKHicxb, KBT 
HaBaHTa-
/K eHHH 
Og. 
KBT/og 
Bcboro PycT QycT 
nigirpiB BuMmcaniB i npuBogiB Ha 
cTopoHi 110 K B 
2 1,8 3,6 3,6 -
nigirpiB npuBogiB po3'egHyBaniB Ha 
110 KB 
8 0,6 4,8 4,8 -
nigirpiB ma KPy2-10 15 1 15 15 -
nigirpiB pe^eHHoi' ma H 10 1 10 10 -
OnaneHHa, ocBiraeHHa, BeHTunaiia 
3 P y 
1 5,5 5,5 5,5 -
ocBiTneHHa O P y 1 5 5 5 -
MacnorocnogapcTBO 1 120 120 120 -
Pa3OM 163,9 -
Jucm 
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BcTaHOBJieHa noTyKHicTb BiacHux noTpe6 nigcTaHnii BromnaeTbcii 3a 
opMy IOK: 
SycT '^ P y 2 CT Q y c T • ( 3 . 2 9 ) 
Po3paxyHKOBa noTyKHicTb cnoKCHBaniB BiacHux noTpe6: 
S p a c n ~ k c ' S y c T ( 3 . 3 0 ) 
g e kc - K ^ i n i e H T nonHTy, ino gopiBHKe 0,8. 
Po3paxyHKoBa noTyKHicTb TpaHc opMaTopa BiacHux noTpe6 3 
ypaxyBaHHiiM aBapifiHoro nepeBaHTaKceHHii BH3HanaeTbca 3a Bupa3OM: 
S p - = K S p ( a c q I ) , (3 .31) 
k a B ' ( N - 1 ) 
g e kaB - K ^ i n i e H T aBapifiHoi nepeBaHTaKceHHii TpaHc opMaTopa, 
npuHMaeTbca piBHHM 1,4; 
n - KijibKicTb TpaHc opMaTopiB BiacHux noTpe6 Ha nigcTaHnii' 
T o g i 3a opMy IOK> (3 .29) OTpuMaeMo: 
S y e t = V163,92 + 0 2 = 163,9 K B A . 
3 a opMy^OK (3 .30) BH3HaHHMO po3paxyHKOBy noTyKHicTb: 
^ p a c , = 0,8 163 ,9 = 131,12 K B A . 
T o g i noTyKHicTb TpaHc opMaTopa BiacHux noTpe6 gopiBHKe: 
S 131 ,12 9 4 
T 1,4 ( 2 - 1 ) K B A . 
Bu6upaeMO gBa TpaHc opMaTopa BiacHux noTpe6 Tuny T M - 1 0 0 / 1 0 . 71 
3axucTy TpaHc opMaTopiB BiacHux noTpe6 Bu6epeMO 3ano6bKHHKH Tuny K K T 1 0 1 -
10-10-31,5 Y 3 . CxeMa BiacHux noTpe6 nigcTaHnii' npegcTaBjieHa Ha pucyHKy 3.6. 
3.4.5 B u 6 i p o6MeKyBaniB nepeHanpyru 
O n H BcTaHOBHMO Ha Micna, g e paHime 6yjiH BcTaHOBueHi BeHraubHi 
po3pagHHKH. O n H Bu6upaKTb no HOMiHaibHifi Hanpy3i MepeKci. OcKijibKH noTpi6HO 
O n H 3OBHimHboi' ycTaHOBKH, TO Bu6epeMO O n H - P / T E L - 1 0 / 1 1 , 5 - y X J I 1 . 
Jucm 
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P n c y H O K 3 . 6 - C x e M a K U B i i e H H i i B i i a c H n x n o T p e 6 n i g c T a H n i i 
3 . 4 . 6 B n 6 i p 3 a 3 e M H K K n n x g y r o r a c n i i b H n x p e a K T o p i B 
T p n B a i i a p o 6 o T a M e p e K 3 i 3 O i i b O B a H O K H e n T p a n i i K g o n y c K a e T b c a n p n 
eMHicHHx cTpyMax 3aMHKaHHa Ha 3eMiK, m,o He nepeBHiuyKTb 2 0 A . A i e npoBegeH 
gocnigKeHHii, a TaKOK gocBig eKcnnyaTanii noKa3aiin, mo gyroracniibHi KOTymKH 
goninbHO 3acTocoByBaTH i npn cTpyMax 3aMHKaHHii Ha 3eMiK B 15 A. H a nigcTaHnii 
BcTaHOBiieHa gyroracniibHa KOTymKa Tnny P3,H,nOM - 4 8 0 K B » A . AaHa KOTymKa 
Bnpo6nna aMopTroaninHnii TepMiH cnyK6n, TOMy Heo6xigHa ii 3aMiHa. 
3 a c T o c y e M O p e a K T o p n K e p o B a H i 3 a 3 e M H K K n i g y r o r a c n i i b H i 1 - a 3 H i 3 
M a c n a H n M o x o n o g K e H H ^ M T n n y P Y O M . BOHU B n K o p n c T O B y K T b c a B i n c o c T i 
3 a 3 e M i K K n o r o n p n c T p o K 3 a B T O M a T n n H O K K O M n e H c a n i e K e M H i c H n x c T p y M i B 
3aMnKaHHa Ha 3eMiiK, 3ano6iraHHa nepexogiB 1- a3Hnx 3aMnKaHb Ha 3eMiiK B 
e n e K T p n n H i n M e p e K i . 
Jucm 
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3acT ocyBaHHii P Y O M 3a6e3nenye 3-KpaTHe 3HHKeHHii KijibKOcri 3aMHKaHb Ha 
3eMjiK i noBHy ix jioKajii3aHiK B pa3i npo6oi'B i3ojiimii nigBHineHHoK HanpyroK. 
3a6e3nenyeTbca 36epeKeHHii o6jiagHaHHii B pa3i BHHHKHeHHii aBapifiHoi CHTyanii i 
36iibmeHHa TepMiHy cjiy>K6H. TepMiH oKynHocTi 2-3 poKH. 
PeaKTopn nigKjiKHaKTbcii MiK TOHKOK 3a3eMjieHHii Ta BHIHOK HefiTpajiJiK 
TpaHc opMaTopa a6o 3a gonoMoroK i^bTpa HyjiboBoi nocjiigoBHocTi. 
PeryjiKBaHHii peKHMiB 3gificHKGTbca aBToMaranro 3a gonoMoroK cneu,iani3oBaHoi 
cucTeMH ynpaBiiHHa C A H K , H O BxogHTb B KoMnjieKT P Y O M . C A H K po3ni3Hae 
HopMaibHHfi peKHM po6oTH i peKHM 3aMHKaHH3 Ha 3eMIK, BHMipKG GMHicTb 
MepeKi B HopMaibHoMy peKHMi, 3a6e3nenye 6e3aBapifiHHfi Buxig Ha peKHM 
KoMneHcanii eMHicHoro cTpyMy npu BHHHKHeHHi 3aMHKaHHii Ha 3eMjiK. CxeMa 
nigKjiKHeHHii peaKTopa Tuny P Y O M npegcTaBjieHa Ha pucyHKy 3.7. 
DU0M - y n p Q B ^ a e r 
3 8 Q K T O P PUOK 
CAHK - a ^ e K T P O H H 
CHCTPMG y n p Q B ^ e h 
tin^ pyoK ?M30 P M f l b T P 
i p w c a e f l M H e H W f 
P P Q K T O P Q K CQTV 
2 2 0 ) 3 8 0 B T 
PucyHoK 3.7 - CxeMa npuegHaHHii peaKTopa Tuny P Y O M 
g o TpH a3Hoi MepeKi 
PeaKTop BuGupacTbcii Buxoganu 3 eMHicHoro cTpyMy: 
flP ~ 3 U y C . 3 : (3 .32) 
Jucm 
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g e K 3 - K ^ i n i e H T 3anacy, K 3 = 1,1.. 1,25; 
- a3Ha Hanpyra, K B ; 
Ic.3 – cyMapHHH eMHicHHH CTpyM npnegHam*: 
QviHicHHH cTpyM nimH, npnegHaHnx g o nepmoi ceKnn mnH cTaHOBHTb 46 ,92 
A , g o gpyro i ceKnn mnH - 69 ,62 A. 
P o 3 p a x y e M O n o T y m r i c T b p e K T o p a g n a n e p m o i ' c e K n n m n H 3 a o p M y J I O K > 
(3 .32) : 
S f l P = 1,1 • 1 0 5 - • 46,92 = 312,88 K B A . 
,H,na gpyro i ceKnn mnH: 
S f l P = 1,1 • 1 0 , 5 • 69,62 = 464,25 K B - A . 
npnnMaeMo noTymricTb peaKTopa gna nepmoi' ceKnn mnH S g p = 480 K B - A i 
noTymncTb <D3MO S 3MO = 500 K B - A . OcTaronHO Bn6npaeMo 3a3eMnKKHnH 
gyroracnnbHnH peaKTop Tnny P Y O M - 480 /11 / V 3 Y . fl,na gpyro ' ' ceKnn mnH -
noTy^HicTb peaKTopa TaKom S g p = 480 K B - A i noTymncTb 0 3 M O S 3 M O = 5 0 0 K B - A . 
OcTaronHO Bn6npaeMO 3a3eMnaKiHnH gyroracainnH peaKTop Tnny P Y O M -
4 8 0 / 1 1 / V 3 Y . 
n p n p e K O H c T p y K n i ' ' n i g c T a H n n 3 a c T o c o B a H a c x e M a M i c T K a 3 B H M H K a n a M H y 
T p a H c o p M a T o p i B . ^ n a m n B n e H H a B n a c H n x n o T p e 6 H a n i g c T a H n n 6 y j i o B c T a H O B n e H O 
gBa TpaHc opMaTopa Tnny TM-100 /10 /0 ,4 . H a cTopoHi 110 K B BcTaHOBnnn 
BnMnKani Tnny L T B -145 D 1 3 npymnHHnM npnBogoM i po3'egHyBani Tnny D - 123. 
TaKom Bn6pann O n H Tnny O n H - Y / T E L - 1 1 0 / 8 4 - Y X J J 1 . H a cTopoHi 10 K B 
BcTaHOBnnn BnMnKani Tnny B B / T E L - 1 0 , TpaHc opMaTopH cTpyMy T n K - 1 0 , 
TpaHc opMaTopH Hanpyrn H A M H T - 1 0 - Y 3 i o6MemyBani nepeHanpyrn Tnny O n H -
P / T E L - 1 0 / 1 1 , 5 - y X J I 1 . TaKom o6pann 3a3eMnKKHi gyroracHi peaKTopn Tnny 
P Y O M - 4 8 0 / 1 1 / V 3 Y. 
Jucm 
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4 PejieiiHHH 3axncT Ta aBTOMaTHKa ejieMeimB nigcTaHnii 
4.1 3ara ibHi nojOKeHHa 
H a nigcTaHnii gjra 3axncTy Hanpyroio 10 K B BHKopucTOByiOTbca 
MaKCHMajibHHii cTpyMOBHH 3axncT, BHKOHaHHH Ha ocHOBi p e i e P T B , i cTpyMOBa 
BigcinKa Ha OcHOBi p e i e P T M . AutfrepeHLuajibHHH 3axucT BHKOHaHHH Ha 
gH epeH^ia^bHHx peue Tuny ,ZT3T-11. ra3OBHH 3axucT BHKOHaHHH Ha OcHOBi ra3OBOrO 
pene B F - 80. 3axHcT g i e Ha cHrHan npH cna6KOMy ra3OyTBOpeHHi i 3HH>KeHHi piBHa 
Macna i Ha BigKnoneHHa npH iHTeHcHBHOMy ra3OyTBOpeHHi i noga jbmoMy 3HH>KeHHi 
piBHa Macja . H a TpaHc opMaTopax B a K o c T 3axHcTy Big cTpyMiB, o6yMOBjeHHx 
3OBHimHiMH 6araTO a3HHMH KOpOTKHMH 3aMHKaHHaMH, nepeg6aneHHH MaKcHMajbHHH 
cTpyMOBHH 3axHcT, g ie Ha BigKnoneHHa ( M C 3 - 1 1 0 , M C 3 - 1 0 ) Ha 6a3i p e j e cTpyMy P T -
40. 3axHcT Big nepeBaHTa^eHHa BHKOHaHHH Ha ocHOBi p e j e cTpyMy PT-40 . 
BjOKyBaHHa BiggijbHHKa 3 KopoTKO3aMHKaneM BHKOHaHO Ha p e j e cTpyMy PT-40 . H a 
KOKHOMy TpaHC opMaTOpi BcTaHOBjeHHH npHcTpiH pe3epByBaHHa BigMOBH BHMHKana 
- n P B B . 
npHcTpoi pejeHHoro 3axucTy Ha nigcTaHnii BHKOHaHi Ha 3acTapimft 
ejeKTpoMexaHiHHiH anapaTypi. BcTaHOBHMO 6 J O K H MncponponecopHoro 3axHcTy 
ipMH « A L S T O M » . 
4 .2 3axucT mHiH, ino BigxogaTb Ha 10 K B 
A,ja 3axucTy Ka6ejbHHx 10 K B Bu6upaeMO MiKponponecopHHH npucTpiH 
M I C O M P-122 . 
3axucT i KepyBaHHa: 
- TpucTyneHeBHH 3axucT Big M b ^ a 3 H H x K 3 i K 3 Ha 3eMmo; 
- 3axucT Big nepeBaHTa^eHHa; 
- 3axHcT MiHiMajbHOrO cTpyMy; 
- 3axHcT nO cTpyMy 3BOpOTHOi nOcjigOBHOcTi; 
- gBi rpynH ycTaBOK; 
- BHaBjeHHa o6pHBy npoBogy; 
Jucm 
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- B H i m j i e H H i i H e c n p a B H O C T i B H M H K a n a ; 
- g n c T a H L U H H e B i g i o i i K H e H H a K O j i a ; 
- K O H T p o i b i y n p a B j i i H H i i B H M H K a n e M ; 
- g a T H H K n o n a T K O B o r o H a B a H T a K e H H a ; 
- c e n e K T H B H a j i o r i K a ; 
- 6 j i O K y B a H H a B u x i g H u x p e j i e ; 
- H O T H p u p a 3 O B e A n B ; 
B u M i p i K B a H H a : 
- g i i K H i 3 H a H e H H a a 3 H o r o C T p y M y i C T p y M y 3 a M H K a H H a H a 3 e M j i K > ; 
- M a K C H M a i b H i i n o T O H H i 3 H a H e H H a ; 
- C T a H n e p e B a H T a K e H H a ; 
- 75 nogifi 3anHcyK>Tbca 3 gucKpeTHicTK) 1 MC; 
- p e e c T p a n i a y i n K o g K e H b , o c T a H H i 5 ; 
- p e e c T p a n i a n e p e x i g H u x n p o n e c i B , 5 3 B i T i B ; 
- n o c T i f i H e c a M O T e c T y B a H H a . 
PenefiHHH 3axucT jiiHifi 10 K B BHKOHyeTbca CTyniHHacTHMH CTpyMOBHMH 
3axucTaMH. nepmufi CTyniHb - CTpyMOBa BigciHKa 6e3 BHTPHMKH Hacy, gpyrufi CTyniHb 
- C T p y M O B a B i g c i H K a 3 H e B e j i H K H M y n o B i j i b H e H H a M i T p e T i f i , H a f i G i j i b i n H y r a H B H i i -
M a K C H M a i b H u f i C T p y M O B H f i 3 a x u c T ( M C 3 ) 3 BHTPHMKOK H a c y . H a K o p o T K u x j i i H i a x 
B H K O H a T H T p u c T y n e H e B u f i 3 a x u c T H a c T O G y B a e H e M O K j i u B O ( 3 a y M O B O K H e g o c T a T H b o i ' 
H y T i H B O C T i n e p m o r o a G o g p y r o r o C T y n e H i B ) . T o g i 3 a c T O C O B y K T b a G o g B a C T y n e H i -
B i g c i H K a G e 3 BHTPHMKH H a c y i M C 3 , a G o o g u H C T y n i H b - T i i b K H M C 3 . T a K H M HHHOM, 
M C 3 e o G o B ' a 3 K O B H M 3 a x u c T O M H a B c i x j i i H i a x H a n p y r o K g o 3 5 K B . 
,H,jia 3 a x u c T y j i i H i f t , m o B i g x o g a T b G y g e M O B u G u p a r a y c T a B K H g i a C T p y M O B o i ' 
B i g c i H K H , M a K C H M a i b H o r o C T p y M O B o r o 3 a x u c T y , 3 a x u c T y B i g n e p e B a H T a K e H H a i 
3 a x u c T y B i g 3 a M H K a H H a H a 3 e M j i K > , T a K O K H a K O K H O M y B H M H K a H G y g e n e p e g G a H e H O 
n P B B . 
K a G e i b H i , a K n p a B H j i o , M a i K T b M a n y g o B K H H y B n o p i B H a H H i 3 
n o B i T p a H H M H j i i H i a M H , n u T O M H f i o n i p i x H H K H u f i . 3 n i e i n p H H H H H C T p y M K 3 H a 
n o H a T K y H e 3 H a H H O B i g p i 3 H a e T b c a B i g C T p y M y K 3 B K i H n i . H e p o G u T b 
Jucm 
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H e e ( J ) e K T H B H H M 3 a c T o c y B a H H i i 3 a x H C T i B 3 3 a j i e K C H o K x a p a K T e p H C T H K O i o , 3 a BHH5ITKOM 
B u n a g c y y 3 r o g K c e H H i i 3 a x n c T i B u i m " 3 3 a n o 6 b K H H K a M H n K , JIKIHO 6 y g e B H 3 H a H O 3 a 
H e o 6 x i g H e , 3 a 6 e 3 n e H i r r a n e y 3 r o g K c e H H i i y B C b o M y g i a n a 3 o H i C T p y M i B K 3 . H a f i n a c T i m e 
T a c e y 3 r o g K c e H H i i 3 g i f t c H K e T b c i i T i j i b K H n p u c T p y M a x K 3 B M i c n i y c T a H o B K H 
3 a n o 6 i ^ H H K i B , n p u n y c T H B m H H e c e j i e K T H B H y p o 6 o T y n p u M a j i o f t M o B i p H H x 
n o n n c o g K c e H H i i x y c e p e g H H i T p a H c ( o p M a T o p a . n p u T a c o M y n o r o g K c e f f i r i M o K H a 
B H K o p n c T o B y B a T H 3 a x n c T 3 H e 3 a j i e > K H o K > x a p a K T e p u c T H K o K 3 BHTPHMKOK n a c y 
6 i j i b i i i o K > H a c T y n i H b , HDK n a c n e p e r o p i i H H i i 3 a n o 6 b K H H K a n p u c T p y M i B M i c n i ftoro 
y c T a H o B K H . 
C T p y M o B a B i g c n n c a B u x o g u T b H e 3 a B K c g H , T a c JIK B i g c T o p o H H B m u 11 B i g c T p y M y 
K 3 B K i H n i " a 6 o B M i c n i y c T a H o B K H 3 a n o 6 i K C H H K i B , H e B g a e T b c a 3 a 6 e 3 n e n H T H i'i 
nyTiHBicTb 1,5 B Micni ycTaHoBKH 3axucTy. 
3 a B g a H H a M M C 3 e H e T i j i b K H 3 a x u c T CBOG'' u i m " , H a a c i f i B c T a H o B j i e H o M C 3 , a ft 
3 a 6 e 3 n e n H T H n o g a j i b m e p e 3 e p B y B a H H a B p a 3 i B i g M o B H 3 a x u c T y a 6 o B H M u c a n a n p u 
n o n n c o g K c e H H i i x H a n o n e p e g H i x j i m m x . 
C T p y M c n p a n b o B y B a H H a M C 3 B u 6 u p a e T b c a B a M n e p a x 3 a T p b o M a y M o B a M u : 
1) HecnpauKBaHHii 3axucTy npu gi i HagcTpyMiB n i c i a aBapiftHHx 
nepeBaHTaKeHb, TO6TO n i c i a BigccjiKHeHHJi K 3 Ha nonepegHboMy ejieMeHTi; 
2 ) y3rogKeHHa nyraHBocTi 3axucTiB nogaj ibmoro i nonepegHboro ejieMeHTiB; 
3 ) 3 a 6 e 3 n e n e H H i i g o c T a T H b o ' ' n y r a H B o c T i n p u K 3 B K i H n i e j i e M e H T a , n o 
3 a x u n a e T b c a ( o c H o B H a 3 o H a ) i B K i H n i c o K H o r o 3 n o n e p e g H i x e j i e M e H T i B ( 3 o H a 
g a j i e K o r o p e 3 e p B y B a H H a ) . 
3 a n e p m o K 3 n u x y M o B c T p y M c n p a n b o B y B a H H i i M C 3 B u 6 u p a e T b c a 3 a B u p a 3 o M : 
1 C . 3 ^ • K c 3 n • 1 PAE.MAX , ( 4 . 1 ) 
g e K H - Koe(inieHT HagiftHocri HecnpanboByBaHHii 3axucTy, n o BpaxoBye 
norpimHicTb i Heo6xigHHft 3anac, K H = 1,1. . . 1,2; 
K B -Koe(()iiiieHT noBepHeHHa MaccuMaibHux pejie cTpyMy, K B = 0 , 9 5 . . . 0 , 9 8 ; 
Jucm 
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K C 3 n - KoecJrinieHT caM03anycKy HaBaHTaaeHHa, mo BigoGpaacae 3GijibineHHa 
poGonoro CTpyMy I p a G . M a x 3a paxyHOK o g r o n a c r o r o nycKy ejieKTpogBHryHiB, aKi 
3aranbMyBannca npn 3HroiceHHi Hanpyra nig nac KopoTKoro 3aMHKaHHa. A i a 
noGyToBoro HaBaHTaaeHHa K c 3 a n = 1,1 ... 1,3; gjia y3arajibHeHoro HaBaHTaaeHHa K c 3 a n 
= 1,3 ... 2 ,5 . 
MaKcHMajibHe 3HaneHHa poGonoro cTpyMy ejieMeHTa, mo n ig 3axucToM 
BH3HanaeTbca 3 ypaxyBaHHaM fioro gogaTKoBoro nepeBaHTaaeHHa. A i a nboro 
HeoGxigHo 3HaTH MaKcuMajibHuii cTpyM HaBaHTaaeHHa ^IKIHO BigcyTHi 
ocJriniiiHi gaHi, BiH BH3HanaeTbca HaGuroiceHo: 
a) 3a HoMiHajibHHM cTpyMoM HafiGiibm cjiaGKoro ejieMeHTa Mepeaai: 
HanpuKjiag TpaHc opMaTopa cTpyMy, 3a goBro gonycTHMHM cTpyMoM KaGejia, 
npoBogy j i H i ' ; 
G) 3a cyMapHoio noTymiicTio nigKjiioneHHx TpaHc opMaTopiB B 
HopMaibHoMy, peMoHTHoMy Ta aBapifiHoMy peaauMax. ^IKIIIO u,a noTymiicTb 
HagMipHo BeiHKa, iHogi goBoguTbca BpaxoByBaTH 3aBaHTaaeHHa TpaHc opMaTopiB 
Mepea i . 
3 a yMoBoio y3rogaeHHa nyTjiHBocTi 3axucTiB nogaubinoro (mo n ig 
3axucToM) i nonepegHboro ejieMeHTiB cTpyM cnpau,boByBaHHa nogaub inoro 
3axHcTy BHGHpaeTbca 3a BHpa3oM: 
^CailOCJL — K h C ' ( l C3.nPEf l . X ^PAE.MAX ) , ( 4 . 2 ) 
ge KHC - Koe i^ieHT HagifiHocT y3rogaeHHa, KHC = 1,1; 
I C 3 n P E f l - HafiGiibme 3HaneHHa cTpyMy cnpau,iOBaHHa MaKcuMajibHux 
cTpyMoBux 3axucTiB nonepegHix ejieMeHTiB, 3 aKHMH npoBoguTbca y3rogaeHHa; 
X Ip A E M A X - apH MeTH Ha cyMa 3HaneHb poGonux cTpyMiB HaBaHTaaeHHa 
Bcix nonepegHix ejeMeHTiB, 3a BHHaTKoM Toro ejeMeHTa, 3 3axHcToM aKoro 
npoBoguTbca y3rogaeHHa. 
3 a po3paxyHKoBufi cTpyM npufiMaeTbca 3HaneHHa MaKcuMaibHoro cTpyMy 3 
yMoB (5 .1) , (5 .2) . 
n i c j i a nboro HeoGxigHo BH3HanuTH cTpyM cnpaimoByBaHHa I c p : 
Jucm 
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/ o p = - ^ - ^ , ( 4 . 3 ) 
g e I c p - C T p y M c n p a H b o B y B a H H a 3 a x n c T y ( n e p B H H H H H ) ; 
n T - M ^ n u ' e H T T p a H c o p M a ^ i l T p a H c o p M a T o p i B C T p y M y ; 
K c x rc^iHieHT c x e M H 3 ' e g H a H H a T p a H c o p M a T o p i B c T p y M y i p e j i e , n p u 
3acTocyBaHHi cxeMH noBHol a6o HenoBHoi' 3ipKH K c x = 1 i npn noBHoMy a6o 
HenoBHoMy TpHKyTHHKy K c x = V3. 
n i c i i a H b o r o H e o 6 x i g H o n p H H H a T H o c T a r o H H y y c T a B K y c n p a H b o B y B a H H a p e j i e i 
3 p o 6 u T H 3 B o p o T H H H p o 3 p a x y H o K c T p y M y c n p a H b o B y B a H H a H a n e p B H H H i f i c r o p o H i . 
T a K H M HHHOM, y c T a B K a n o c T p y M y M C 3 n o n e p e g H b o r o e j i e M e H T a n o B H H H a 
3 a B > K g H 6 y T H 6 i j i b i n e y c T a B K H M C 3 H a c T y n H o r o e j i e M e H T a , m o , n e B H H M HHHOM, 
3 a 6 e 3 n e H y e c T p y M o B y c e i i e K T H B H i c T b . 
,H,jia B H K o H a H H a T p e T b o l y M o B H H e o 6 x i g H o 3 H a T H 3 H a H e H H a c T p y M i B K 3 B K i H H i 
e j i e M e H T a , m o n i g 3 a x u c T o M I K 3 m i n i B K i H H i 3OHH p e 3 e p B y B a H H a I K m i n . B u m a H e H H a 
^ ^ ™ H y r a H B o c T 3 a x u c T y n p o B o g H T b c a 3 a B u p a 3 a M H : 
= -– • / ; (4 .4) 
2 -
 c.3. y 
J3 - ( 3 ) 
= • J-f±, (4 .5) 
g e K H o , K H p - ^ ^ H y T j i H B o c T i 3 a x u c T y B i g n o B i g H o B OCHOBHUI i 
p e 3 e p B H i H 3 o H a x . 
3 r i g H o n Y E , n o B H H H i B H K o H y B a r a c a y M o B H : 
Kv.o > 1,5 ; (4 .6) 
Kv.p > 1,2 . (4 .7) 
B u T p H M K a H a c y M a K c H M a j i b H H x c T p y M o B H x 3 a x u c T i B B B o g H T b c a g j i a 
y n o B i j i b H e H H a g i i 3 a x u c T y 3 M e T o i o 3 a 6 e 3 n e H e H H a T H M H a c o B o l c e j i e K T H B H o c r i g i i 
3 a x u c T i B H a c T y n H o r o e j i e M e H T a n o B i g r o m e H H i o g o 3 a x u c T y n o n e p e g H i x e j i e M e H T i B . 
,H,j ia H b o r o H a c c n p a H b o B y B a H H a 3 a x u c T y n o g a j i b m o i j i i H i i B u G u p a e T b c a 6 i j i b i H H M H a c y 
c n p a H b o B y B a H H a n o n e p e g H b o i ' j i i H i i ' : 
^C.anocj i ~ ^c.3.nPEfl + A / , ( 4 . 8 ) 
Jucm 
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ge At - CTyniHb cejieKTHBHocTi. At = 0,2 c; 
BenHHHHa At CKjiagaeTbCii HacTynHux CKjiagoBux: nacy BigicjiiOHeHHii 
BHMHKana (0,05. . .0,1 C) , nacy noBepHeHHa 3axuCTy (0,05 C) , IIOXH6KH 3a nacoM 
HaCTynHoro i nonepegHboro 3axucTiB (3 . . 5%) i Heo6xigHoro 3anacy ( 0,05.. .0,1 c) . 
CTpyMOBa BigcinKa ( C B ) 6e3 BHTPHMKH nacy (nepmufi CTyniHb CTpyMoBoro 
3axucTy) npu3HaneHa gun npHCKopeHHa BigKjnoHeHHii 6iH3bKHx KOPOTKHX 
3aMHKaHb. Ii' ycTaBKa (CTpyM cnpanboByBaHHa) BuGupaeTbca yMoBH 
HecnpanboByBaHHa Big MaKCHMajibHoro TpH a3Horo CTpyMy K 3 B KiHni jiiHii' a6o 
TpaHc opMaTopa. YcTaBKH CTpyMoBoi' BigcinKH BuGupaiOTbcii yMoBu: 
^C.3.TO = Komc ' 1 kmax , ( 4 . 9 ) 
g e KOTC - Koe ^IieHT HecnpaniOBaHHa, npuHMaeTbca gun ^H poBHx pejie 
1,1.. .1,2; 
I K M a x - CTpyM TpH a3Horo KopoTKoro 3aMHKaHHa B KiHni ejieMeHTa, K A . 
n i c u a nboro Heo6x ig ro BH3HanHTH CTpyM cnpanboByBaHHa Ic.p: 
/ • K Cx 
1
 C.P ~ • 
,H,ajii Heo6xigHo npuHHirra ocTaronHy ycTaBKy cnpanboByBaHHa pejie i 3po6uTH 
3BopoTHHfi po3paxyHoK CTpyMy cnpanboByBaHHa Ha nepBHHHifi CTopoHi. 
Bu3HaneHHa ^ ^ ^ ™ HyTjiHBocTi 3axucTy npoBoguTbca no Bupa3ax (4 .4 ) 
i (4 .5) . 3rigHo n Y E , noBHHHi BHKoHyBaraca yMoBH (4 .6 ) i (4 .7) . 
,H,jia 3a6e3neneHHa cejieKTHBHocTi 3a CTpyMoM: 
IC,3.TO.noci = K H ' IC,3.TOnpeg . ( 4 . 1 0 ) 
H a iiHifiHux BHMHKanax CTpyMoBa BigcinKa BHKoHyeTbca 6e3 BHTPHMKH nacy. 
3axucT Big nepeBaHraxceHHa Heo6xigHHH gjia BigicjiiOHeHHa jiiHii npu 
TpHBajioMy nepeBaHTa^eHHi, mo6 y6e3nenuTH oGuagHaHHa Big neperpiBy. ^ a c 
cnpanboByBaHHa gaHoro 3axucTy BuGupaeTbca B M e ^ a x 30. . .50 c. 
B u 6 i p CTpyMy cnpanboByBaHHa npoBoguTbca yMoBu: 
— „ ' I P A E . M A X .
 ( 4 . 1 1 ) 
Ae 
Jucm 
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n ic j i a Hboro BH3HanaeTbca CTpyM cnpanbOByBaHHa pejie. 
BignoBigHO g o n Y E , gjia cejieieraBHoro BHaBjieHHa ogHo a3HHx 3aMHKaHb Ha 
KOKKHOMy npnegHaHHi noBHHeH 6yTH BcTaHOBjieHHH 3axncT Big 3aMHKaHb Ha 3eMjiK 
(3axncT HyjibOBoi' nocjiigoBHocTi), aKHH B ogHHx BHnagKax g ie Ha cnrHan, B iHmnx -
Ha BigKjiKneHHa. 3oKpeMa, Ha THX ejieKTpogBHryHax, y arorx eMHicHHH cTpyM 
3 a M H K a H H a H a 3 e M j i K > n e p e B H m y e 5 A ( n e p B H H H H x ) , 3 a x n c T n o B H H e H g i a T H H a 
B i g K n o n e H H a 6 e 3 y n o B i j i b H e H H a . P a 3 o M 3 THM, n p a K T H K a n o K a 3 a j i a , m o i n p u M e H m u x 
3 a 5 A c T p y M a x 0 3 G a K c a r o g B H r y H B i g K i K n a T H , o c K i j i b K H T p H B a j i H H B n j i H B c T p y M i B 
0 3 Ha i3OjianiK gBuryHa npu3BoguTb g o nepexogy ogHo a3Horo 3aMHKaHHa B 
gBo a3He K 3 . 
n p u Bu6opi ycTaBoK 3axucTy Big 3aMHKaHb Ha 3eMjiK, g e BigcyTHa 
KOMneHcania, HeoGxigHo BH3Hannra po3paxyHKoM cyMapHHH cTpyM 3aMHKaHHa Ha 
3eMiK i cTpyMH 3aMHKaHHa Ha 3eMjiK KoHKpeTHoro igepa. 
fc = /• I C , O , (4 .12) 
ge l - goBKKHHa KaGejibHoi' jiiHii', KM; 
I c 3 o - nHTOMHH eMHicHHH cTpyM Ha 1 KM gOBKKHHH KaGejiK, A K M . 
Y c T a B K a c n p a n b O B y B a H H a 3 a x H c T y B H G H p a e T b c a g j i a g B o x B H n a g K i B : B 
n o n a T K o B H H M o M e H T n a c y i n e p e 3 4 c e K y H g H n i c j i a 3 a M H K a H H a . B o H a o G n H c j i K e T b c a 
3 a T a K o K o p M y ^ O K : 
Ic .3 . = AOTC • K6p • Ic , (4 .13) 
ge KOTC - K ^ i n i e n T BigGygoBH, mo gopiBHKe 1,2; 
KGp - ^ ^ , mo BpaxoBye KHgoK eMHicHoro cTpyMy B MOMeHT 
3anaiKBaHHa gyrH, gjia nonaTKOBoro MOMeHTy nacy KGp = 4, nicjia 4 c KGp = 1,5; 
Ic - BjiacHHH eMHicHHH cTpyM npHegHaHHa, mo nig 3axHcTOM. 
Ana npHKiagy 3poGHMO po3paxyHOK 3rigHO BHineBHKjiageHoi' MeTogHKOK 
ycTaBOK C B , M T 3 , 3axHcTy Big nepeBanTaKceHb i 3H3 gjia KaGejibHoi' jiiHii' 2772 . 
A i a gaHoro npHegHaHHa MaKcHMajibHHH cTpyM IpaG.Max = 23 ,09 A 
13 TaGjiHUb 2.2 i 2.3: IK3 m a x = 2 0 3 7 A , IK m a x = 1185 A , IK3 m i n = 2024 A , IK m i n = 
1181 A. 
Jucm 
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BuGepeMO ycTaBKH g i a CTpyMOBoi' BigciHKu: 
3rigHO (4 .9) CTpyM cnpaiibOByBaHHa: 
/ C . 3 . T O = 1,1-1185 = 1303,5 A. 
OGHHCIHMO 3rigHO (4 .3) CTpyM cnpaiibOByBaHHa p e i e : 
/ „ = I 3 0 3 3 ^ = 217,25 A. 
c.p 6 
npHHMaeMO gO ycTaBKH Ha TepMiHaii 3axncTiB Ic.p.y = 217,3 A , 3 gieio Ha 
BigKiiOHeHHa. 
TOgi cTpyM cnpaiiiOBaHHa Ha nepBHHHiii cropOHi 6yge : 
7c.3.y = 6 - 217,3 = 1303,8 A. 
KOe(J)iiu'eHT HyraHBOcri nO (4 .4) : 
K,o = £ . i 0 2 ! = 1,35 1,5. 
2 1303,8 
3 a HyTjiHBOcTi cTpyMOBy BigciHKy Ha gaHOMy npuegHaHHa BucTaBiaTH He 
6ygeMO, TaK aK BOHa He npOXOguTb 3a KOe((inicHTOM HyTiHBOcri. 
Bu6epeMO ycTaBKH g i a MaKcuMaibHOrO cTpyMOBOrO 3axucTy: 
3rigHO (4 .1) cTpyM cnpaiibOByBaHHa: 
7 C 3 >^ -1,8 - 23,09 = 47,62 A. 
c . 3 0,96 
OGHHCJIHMO 3rigHO (4 .3) cTpyM cnpaiibOByBaHHa p e i e : 
47,62 -1 n n A . Icp = — = 7,94 A. 
npHHMaeMO gO ycTaBKH Ha TepMiHaii 3axucTiB Icpy = 8 A , 3 gieio Ha 
BigKnoneHHa. 
TOgi cTpyM cnpaiiiOBaHHa Ha nepBHHHifi cTOpOHi Gyge: 
7c.3.y = K T - /c.p.y = 6 - 8 = 48 A. 
KOe( i i i eHT nyrauBOcTi B OCHOBHUI 3OHi 3axucTy nO (4 .4) : 
R . V3 2024 ^ n „ „ 
. = —^—4 -— = 36,69 > 1,5, yMOBa BHKOHyeTbca. 
KOe( i i i eHT nyrauBOcTi B pe3epBHOi' 3OHi 3axucTy nO (4 .5) : Jucm 
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V3 1181 
. = — — = 21,41 > 1,2, yMOBa BHKOHyeTbca. 
^ a c cnpanoBaHHa M T 3 npHHMacMO t c 3 = 0,4 c. 
Bn6epeMO ycTaBKH gjia 3axncTy Big nepeBanTa>KeHHa: 
3rigHO (5 .11) cTpyM cnpanbOByBaHHa: 
7 C 3 > - 1 1 - • 23,09 = 26,46 A. 
C 3 0,96 
OGnHcjiHMO 3rigHO (4 .3) cTpyM cnpanbOByBaHHa pejie: 
26,46 A A , . 
7 C P = — — = 4,41 A. 
c.p 6 
npnnMaeMO gO ycTaBKH Ha TepMiHajii 3axncTiB Ic.p.y = 4,5 A , 3 gieio Ha 
BigKnoneHHa. 
TOgi cTpyM cnpanoBaHHa Ha nepBHHHin cTOpOHi 6yge : 
7c.3.y = 4,5 • 6 = 27 A. 
^ a c cnpanoBaHHa 3axucTy npunMaeMO t c 3 = 30 c. 
Bu6epeMO ycTaBKH gjia 3axucTy Big 3aMHKaHHa Ha 3eMjno: 
A,OB^HHa Ka6enbHOi jinni l = 10,23 KM. 
GMHicHHH cTpyM jiiHii nO (4 .12) : 
7 C = 1,04 • 10,23 = 10,64 A. 
CTpyM cnpanbOByBaHHa nO (5 .13) B nOnancOBHH MOMeHT nacy t = 0 c: 
/c.3. = 1,2 • 4 • 10,64 = 51,07 A. 
OGnHdHMO 3rigHO (4 .3) cTpyM cnpanbOByBaHHa pejie: 
/ „ = ^ = 8,51 A 
6 
CTpyM cnpanbOByBaHHa B MOMeHT nacy t = 4 c nO (4 .13) : 
/c.3. = 1,2 -1,5 • 10,64 = 19,15 A. 
OGnHdHMO 3rigHO (4 .3) cTpyM cnpanbOByBaHHa pejie: 
/ „ = ^ = 3,19 A 
Jucm 
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Po3paxyHOK ycTaBOK iHinux , mo BigxogaTb aHajioriHHHH, TOMy 
po3paxyHOK 3BogHMO B Ta6jiHrj,K> 4.1 i 4 .2. 
Ta6jiHiia 4.1 - Po3paxyHOK ycTaBOK , o BigxogaTb gjia nepmoi ceKnii 
B u g 
3axucTy 
HanMeHyBa 
HHa 
BejIHHHHH 
Og. 
BHMipy 
EjieMeHT, mo nig 3axucTOM 
K J I 
2 7 7 2 
K J I 
2771 
K J I 
2770 
K J I 
2774 
K J I 
2773 
nonaT 
KOBi 
gaHi 
Ipa6.Max A 23 ,09 21 ,99 17,32 28 ,94 18,66 
K T B.O. 6 6 4 6 4 
lK3max A 2 0 3 7 2 0 3 7 2037 2 0 3 7 2037 
iKmax A 1185 1111 1715 1248 1776 
lK3min A 2024 2024 2024 2024 2024 
iKmin A 1181 1107 1706 1243 1766 
CTpyM 
OBa 
Bigcin 
Ka 
K c x B.O. 1 1 1 1 1 
KOTC B.O. 1,1 1,1 1,1 1,1 1,1 
Ic.3.TO A 1303,5 1222,1 1886,5 1372,8 1953,6 
Ic.p A 217 ,25 203 ,68 471,63 228 ,80 488 ,40 
Ic.p.y A 217,3 203 ,7 471 ,7 228 ,8 488 ,4 
Ic.3.y A 1303,8 1222,2 1886,8 1372,8 1953,6 
K H B.O. 1,35 0,90 0,64 0,74 0,61 
tcp c 0 0 0 0 0 
M T 3 
KOTC B.O. 1,1 1,1 1,1 1,1 1,1 
K B B.O. 0,96 0,96 0,96 0,96 0,96 
Kc3an B.O. 1,8 1,8 1,5 1,8 1,5 
Ic.3 A 47 ,62 45 ,35 29 ,77 59,69 32 ,07 
Ic.p A 7,94 7,56 7,44 9,95 8,02 
Ic.p.y A 8 7,6 7,5 10 8,1 
Ic.3.y A 48 45,6 30 60 32,4 
KH.O B.O. 36 ,69 38 ,62 58 ,70 29 ,35 54,35 
KH.p B.O. 21 ,41 21 ,12 49 ,47 18,02 47 ,42 
tcp c 0,4 0,4 0,4 0,4 0,4 
Jucm 
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npOgOB^eHHa TaGiuni 4.1 
B u g 
3axucTy 
HaHMeHyBaH 
Ha BeiHHHHH 
Og. 
BHMipy 
EieMeHT, m,o n ig 3axucTOM 
K J I 
2 7 7 2 
K J J 
2771 
KJJ 
2770 2774 2773 
3axucT 
Big 
nepeBa 
HTa^eH 
Ha 
KOTC B.O. 1,1 1,1 1,1 1,1 1,1 
K B B.O. 0,96 0,96 0,96 0,96 0,96 
Ic.3 A 26 ,46 25 ,20 19,85 33,16 21 ,38 
Ic.p A 4,41 4 ,20 4,96 5,53 5,35 
Ic.p.y A 4,5 4,2 5 5,6 5,4 
Ic.3.y A 27 25 ,2 20 33,6 21,6 
tcp c 30 30 30 30 30 
3axucT 
Big 
3aMHKa 
Hb Ha 
3eMIK> 
KOTC B.O. 1,2 1,2 1,2 1,2 1,2 
KGp > > B.O. 4 4 4 4 4 
KGp > B.O. 1,5 1,5 1,5 1,5 1,5 
L K I KM 10,23 11,48 5,83 9,25 3,7 
Ico A 1,04 1,04 1,7 1,04 1,3 
Ic A 10,64 11,94 9,91 9,62 4,81 
I c . 3 > > A 51,07 57,31 47 ,57 46 ,18 23 ,09 
Ic .3> A 19,15 21 ,49 17,84 17,32 8,66 
JJ-ia ceKu,ifiHHx i BBigHux BHMHKaniB cTpyMOBy BigciHKy He BuGupaoTb, TOMy 
m,o He 3a6e3nenye HeoGxigHy HyTiHBicTb. OCHOBHHM 3axucTOM Ha mix BHMHKanax e 
MaKcuMaibHHH cTpyMOBHH 3axucT i 3axucT Big nepeBaHTa^eHHa. M T 3 
ceKu,ifiHHx i BBigHux BHMHKaniB OCHOBHOK 3OHOK 3axucTy e IHHHH 10 K B nigcTaHiii', 
a pe3epBHOK 3OHOK - npuegHaHHa. BuxogaHH 3 iiboro npu BuGopi cTpyMy 
cnpaiiKBaHHa M T 3 cnpaBegiHBi Bupa3H (4 .1) , (4 .2) i (4 .3) . 
3HaneHHa cTpyMy cnpaiibOByBaHHa M T 3 BBigHoro BHMHKana noBHHHO Gyra 
Gi ibme, HDK ycTaBKa M T 3 ceKiiiiiHoro, a ceKiiiiiHoro Gi ibme HDK HafiGiibmoro 
iiHiHHoro 3 yMOBH (4.2) . 
Jucm 
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TaGjiHna 4.2 - PO3paxyHOK ycTaBOK niHifi, IHO BigxOgaTb gjia gpyrOi ceKnii 
BHg 
3axHcT 
y 
HafiMeHyBa 
HHa 
BeiHnHHH 
Og. 
BHMipy 
K J I 
2 8 8 6 
E 
K J J 
2884 
jeMeHT, 
K J J 
2 8 8 9 
mo n ig 
K J J 
2888 
3axHcTO 
K J J 
2 8 8 7 
M 
K J J 
2885 
K J J 
2883 
nOna 
TKOBi 
gaHi 
IpaG.Max A 13,55 29 ,97 12,46 36,73 29 ,10 25 ,11 23 ,08 
K T B.O. 4 6 4 10 6 6 6 
lK7max A 2033 2033 2033 2033 2033 2033 2033 
iKmax A 1229 1345 1948 1111 1181 1280 1379 
lK7min A 2 0 2 2 2 0 2 2 2 0 2 2 2 0 2 2 2 0 2 2 2 0 2 2 2 0 2 2 
iKmin A 1225 1340 1937 1108 1178 1276 1374 
CTpy 
MOBa 
Bigcin 
Ka 
K c x B.O. 1 1 1 1 1 1 1 
KOTC B.O. 1,1 1,1 1,1 1,1 1,1 1,1 1,1 
Ic.3.TO A 
1351 , 
9 
1479, 
5 
2 1 4 2 , 
8 
1222, 
1 
1299, 
1 
1408 
1516, 
9 
Ic.p A 
337,9 
8 
246 ,5 
8 
535,7 
0 
122,2 
1 
216 ,5 
2 
234 ,6 
7 
252 ,8 
2 
Ic.p.y A 338 246 ,6 535,7 122,3 216 ,6 234 ,7 252 ,9 
Ic.3.y A 1352 
1479, 
6 
2 1 4 2 , 
8 
1223 
1299, 
6 
1408, 
2 
1517, 
4 
K n B.O. 1,30 1,19 0,82 1,44 1,35 1,25 1,16 
tcp c 0 0 0 0 0 0 0 
M T 3 
KOTC B.O. 1,1 1,1 1,1 1,1 1,1 1,1 1,1 
K B B.O. 0,96 0,96 0,96 0,96 0,96 0,96 0,96 
Kc3an B.O. 1,5 1,8 1,5 1,8 1,8 1,5 1,5 
Ic.3 A 23 ,29 61,81 21 ,42 75,76 60 ,02 43 ,16 39 ,67 
Ic.p A 5,82 10,30 5,35 7,58 10,00 7,19 6,61 
Ic.p.y A 5,9 10,3 5,4 7,6 10 7,2 6,7 
Ic.3.y A 23,6 61,8 21,6 76 60 43 ,2 40 ,2 
Kn.o B.O. 74 ,54 28 ,47 81,44 23 ,15 29 ,32 40 ,72 43 ,76 
Kn.p B.O. 45 ,16 18,86 78 ,02 12,68 17,08 25 ,70 29 ,74 
tcp c 0,4 0,4 0,4 0,4 0,4 0,4 0,4 
Jucm 
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IIpogoB^eHHii TaGjinni 4.2 
B u g 
3axHCTy 
3axHCT 
Big 
nepeBa 
HTa^eH 
3axucT 
Big 
3aMHKa 
HB Ha 
3eMjnK 
HafiMeHy 
BaHHa 
BeiHHHHH 
Og. 
BHMipy 
K J I 
2 8 8 6 
E 
K J I 
2884 
jeMeHT, 
K J I 
2 8 8 9 
mo n ig 
K J I 
2888 
3axucTo 
K J I 
2 8 8 7 
M 
K J I 
2885 
K J I 
2883 
KOTC B.o. 1,1 1,1 1,1 1,1 1,1 1,1 1,1 
K B B.o. 0,96 0,96 0,96 0,96 0,96 0,96 0,96 
IC.3 A 15,53 34,34 14,28 42 ,09 33,34 28 ,77 26 ,45 
Ic.p A 3,88 5,72 3,57 4,21 5,56 4 ,80 4,41 
Ic.p.y A 3,9 5,8 3,6 4,3 5,6 4,8 4,5 
Ic.3.y A 15,6 34,8 14,4 43 33,6 28 ,8 27 
tcp c 30 30 30 30 30 30 30 
KOTC B.o. 1,2 1,2 1,2 1,2 1,2 1,2 1,2 
KGp > > B.o. 4 4 4 4 4 4 4 
KGp > B.o. 1,5 1,5 1,5 1,5 1,5 1,5 1,5 
LKJI KM 12,73 7,86 1,15 11,46 10,25 9,86 8,23 
Ico A 1,3 1,04 1,16 1,04 1,04 1,16 1,16 
Ic A 16,55 8,17 1,33 11,92 10,66 11,44 9,55 
I c . 3>> A 79,44 39,24 6,40 57,21 51,17 54,90 45 ,82 
Ic .3> A 29 ,79 14,71 2,40 21 ,45 19,19 20 ,59 17,18 
BuGip nacy cnpanboByBaHHa M T 3 gjia ceKniSHoro i BBigHoro BHMUKana 
npoBoguTbca no (4 .8) . 
BuGepeMo ycTaBKH gjia ceKniSHoro BUMUKana: 
HafiGiibmuH cTpyM gjia ceion'SHoro BHMUKana: 
SH „ _ 4 0 0 0 
i^.max = 0,7 •• 0,7 -
J3-10 
= 161,66 A . 
VJ • UH 
3 a opMy IOK> (4 .2) : 
(lc3.nFEfl. + Z 4AE.MAX ) = 1,1 • (75 +161,66) = 260,33 A. 
OGHHCUHMO 3rigHo (4 .3) cTpyM cnpanboByBaHHa peue: 
Jucm 
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_ IC3 • Kcx 260,33 
r C.P nT 40 
IIpHHMaeMO g o ycTaBKH Ha TepMiHani 3axHCTiB Ic.p.y = 6,6 A , g i e K Ha 
BigKnoneHHa. 
T o g i CTpyM cnpanKBaHHa Ha nepBHHHin CTopoHi 6yge : 
lC.3.y _ KT • iC.p.y _ 40 • 6,6 _ 264 A. 
KoecJnnieHT nyraHBOCTi B ocHOBHin 3OHi 3axuCTy: 
r r VJ 2022 r r , r 
Xv.o _ — • 2 6 4 _ 6,6 > 1,5 , yMOBa BHKOHyeTbCa. 
K ^ i n i e n T nyraHBOcri B pe3epBHin 3OHi 3axuCTy: 
„ V3 1108 „ r , „ 
. _— • 264 _ 3,6 > 1,2 , yMOBa BHKOHyCTBCJI. 
^ a c cnpanKBaHHa M T 3 npuHMaeMO tC3 = 0,6 C. Bu6epeMO yCTaBKH gna 
BBigHHX BHMHKaniB. 
HanGinbinun CTpyM gna BBigHoro BHMHKana: 
SH 4000 „ „ „ * 
Ip.max _ 1,4 • - = _ 1,4 • - = _ 323,32 A. 
V3 • UH V3 • 10,5 
3 a opMy )K> (4 .2) : 
/
C 3 . n o c n . > 1,1 • (261,43 + 323 ,32) _ 643,23 A 
BbiHHcnuM cornacHO (4 .3) TOK cpaGarbmaHHa pene: 
/ c p _ 6 4 3 , 2 3 _ 8,04 A 
80 
IIpHHMaeMO g o ycTaBKH Ha TepMiHani 3axucTiB Ic.p.y = 8,1 A , g i e K Ha 
BigKnoneHHa. T o g i CTpyM cnpanKBaHHa Ha nepBHHHin CTopoHi 6yge : 
7c.3.y _ K T • /c.p.y _ 8,1 • 80 _ 648 A 
K O ^ i n i e n T nyraHBOcri B ocHOBHin 3OHi 3axucTy: 
„ V3 2022 „ „ r 
. _ — — _ 3 , 7 > 1,5 , yMOBa BHKOHyexbca 
K o e inieHT nyraHBOCTi B pe3epBHin 3OHi 3axucTy: 
„ 1108 , „ 
. _ — — _ 1,48> 1,2 , yMOBa BHKOHyeTbca 
Jucm 
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^ a c cnpaiiKBaHHa M T 3 npuHMaeMo tC3 = 0,8 c. 
4.3 PenefiHHH 3axucT TpaHc opMaTopa 
3rigHO n Y E noTpi6Hi Taici 3axucTH g i a TpaHc opMaTopiB: 
- cTpyMoBa BigciHKa a6o gH epeH^iHHHH 3axucT; 
- MaKcHMajibHHH cTpyMoBHH 3axucT; 
- ra3oBHH 3axHcT; 
- 3 a x u c T B i g n e p e B a H T a K e H H a 3 g i e K H a c u r H a i . 
H a B u p o 6 H H i T B i B u n y c K a e T b c a c n e n i a u b H e p e i e 3 a x u c T y , a c e B H K o H y e 
o g r o n a c H o B c i y H K ^ i l 3 a x u c T y g i a T p a H c o p M a T o p i B . A i e 3 a c T o c y B a H H a T i i b K H 
o g H o r o p e i e 3 a x u c T y H e M o K H a B B a K a r a g o n i j i b H H M . ^ u a p e 3 e p B y B a H H a H e o 6 x i g H o 
B c T a H o B H T H x o H a 6 m e o g u H K o M n i e K T 3 a x u c T y 3 6 o K y K H B i e H H a . H a i i b o M y 3 a x u c T i 
goni ibHo BHKoHaTH cTpyMoBy BigciHKy i MaKcHMaibHHH 3axucT. H a gucKpeTHHH Bxig 
ilboro K p e i e goni ibHo nigKiKHHTH p e i e ra3oBoro 3axucTy TpaHc opMaTopa i P n H . 
3acTocyeMo g i a gH epeH^ia^bHoro 3axucTy p e i e M I C O M P 6 3 2 , a p e n n y 3axucTy 
BHKoHaeMo Ha npHcTpoax 3axHcTy BBogiB. H a BHcoKiH cTopoHi 3acTocyeMo p e i e 
M I C O M P124 , a Ha HH3bKifi M I C O M P122 . 3axucT Big nepeBaHTaKeHHa e B p e i e 
M I C O M P 6 3 2 i M I C O M P122 . ra3oBHH 3axucT nigKiKHaeTbca Ha gucKpeTHHH Bxig 
npHcTpoK M I C O M P124. 
3po6uMo po3paxyHoK gH epeH^iHHoro 3axucTy. 
nepBHHHHH HoMiHaibHHH cTpyM TpaHc opMaTopa: 
I e * . ^ 4 0 0 ^ = 20,99A; (4 .14) 
IH.H. = 4 0 0 0 = 2 3 0 , 9 4 A . ( 4 1 5 ) 
n p u 3oBHimHboMy K 3 3a MeKaMH 3OHH gi i gH epeH^ia^bHoro 3axucTy, 
TpaHc opMaTopH cTpyMy Ha cTopoHi H H «o6TiKaKTb» cTpyMoM i cTpyM 
cnpaiboByBaHHa p e i e 36i ibmyeTbca B Mipy 3pocTaHHa cTpyMy HacKpi3Horo 
3aMHKaHHa (raibMiBHoro cTpyMy). YcTaBKoK 3a cTyneHeM raibMyBaHHa B i n ^ p o B u x 
Jucm 
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3rigHo (4 .9) CTpyM cnpanboByBaHHa: 
I C 3 T O = 1,2 • 2 2 1 , 4 1 = 2 6 5 , 6 9 A. 
OGHHCJIHMO 3rigH0 (4 .3) CTpyM cnpanboByBaHHa p e i e : 
= 2 6 5 ^ = !3 A . 
20 
npnHMaeMO g o ycTaBKH Ha TepMiHaii 3axucTiB Ic.p.y = 13,3 A , 3 gieio Ha 
BigKjiiOHeHHa. 
T o g i cTpyM cnpaniOBaHHa Ha nepBHHHifi cTopoHi 6yge : 
7c.3.y = 20 • 13,3 = 266 A. 
Koe(|)iiiieHT nyraHBocTi no (4 .4) : 
„ V3 5919 , n n n r 
. = = 19,2 > 2 , TOOTO yMoBa BHKoHyeTbca. 
2 266 
Bn6epeMo ycTaBKH gjia 3axncTy Big nepeBaHra>KeHHa: 
3rigHo (4 .11) cTpyM cnpanboByBaHHa: 
1 C 3 > - 1 1 - • 20,99 = 24,05 A. 
C 3 0,96 
OGHHCJIHMO 3rigHo (4 .3) cTpyM cnpanboByBaHHa p e i e : 
/ c p = ^ = 1,21 A. 
20 
IlpHHMaeMo g o ycTaBKH Ha TepMiHaii 3axucTiB Ic.p.y = 1,3 A , 3 gieio Ha curHai . 
T o g i cTpyM cnpanoBaHHa Ha nepBHHHifi cTopoHi 6yge : 
7c.3.y = 1,3 • 20 = 26 A. 
Bu6epeMo ycTaBKH gjia MaKcuMaibHoro cTpyMoBoro 3axucTy: 
3rigHo (4 .1) cTpyM cnpanboByBaHHa: 
7 C 3 H H > — • 2,2• 2-161,66 = 889,13 A. 
0,96 
fl,aHHH cTpyM Ha cTopoHi B H : 
7 C 3 B H = fam ^ = 889,13 1 0 5 = 96,64 A. 
U„ • (1 ) ' 115 • (1 0,16) ' 
3 a yMoBoo y3rog>KeHHa 3 3axucToM BBogy: 
Jucm 
5P5.6.141.640113 59 
M3M. Jlucm NsfloKyn/ieHma flama 
1 = K • I UHH = 1,2• 648 1 0 5 = 84,52 A. 
C HC C3B Um • (1 - ) ' 115 • (1 0,16) ' 
Bu6upaeMO 6ijibine 3HaHeHHi . 
OGHHCJIHMO 3rigHO (4 .3) CTpyM cnpanbOByBaHHi pejie: 
/ c p = ^ = 4,83 A. 
npHHMaeMO gO ycTaBKH Ha TepMiHajii 3axncTiB I c p y = 4,9 A . 
TOgi cTpyM cnpaHKBaHHi Ha nepBHHHiH cTOpOHi 6yge : 
7c.3.y = KT • /c.p.y = 20 • 4,9 = 98 A. 
KOecJnHieHT HyraHBocTi B pe3epBHiH 3OHi 3axucTy nO (4 .5) : 
„ V3 184,8 , „ , „ 
Kv.p = — 9 ^ = 1,63 > 1,2, yMOBa BHKOHyeTbcii. 
TaKHM HHHOM, gO ycTaHOBKH npHHHiijiH 3axHcTH M I C O M P 1 2 2 i M I C O M 
P 6 3 2 , TOMy gaHi BHgu 3axucTiB 3agoBOJibHiiKTb BciM BHMoraM gun 3axucTiB 
igepiB, BigxogiTb, a TaKOK gun 3axucTy TpaHc pMaT pa. 
B pe3yjibTaTi po3paxyHKy Ha uimux, BigxogiTb npuHHijiH ycTaBKH 
MaKcHMaibHO cTpyMOBoro 3axucTy, 3axucTy Big nepeBaHTaKeHHi i Big 3aMHKaHHi Ha 
3eMiK. CTpyMOBa BigciHKa BcTaHOBjiKBaTHci He 6yge , TOMy He npoxogHTb 3a 
HyTJIHBicTK. 
H a ceKHiHHHx i BBigHHx BHMHKaHax po3paxyBaiiH MaKcHMajibHHH cTpyMOBHH 
3axucT, IKHH B ocHOBHiH 3OHi 3axucTy 3agoBOiibHiie HyraHBocTi i 3axucTy Big 
nepeBaHTaKeHHi. 
\ 3axucTiB Big nomKogKeHb TpaHc pMaT p a BHKOHaHO po3paxyHOK 
cTpyMOBOi BigciHKH, gH epeH^iaJIbHO^ 3axucTy, 3axucTy Big nepeBaHTaKeHHi i 
MaKcHMaibHOrO cTpyMOBOrO 3axHcTy. 
Jucm 
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B H C H O B K H 
B pe3ynbTari BuKOHaHHa gaHoi KBamc^iKaniiiHOi po6oTH Gynu HagaH 
po3paxyHKH i peKOMeHganii no MogepHi3anii cunoBoi nacTHHH nigcTaHnii 110/10 K B . 
CunoBi TpaHCcjDopMaropu T A H - 1 0 0 0 0 / 1 1 0 / 1 0 BupoGunu CBin aMopTroaniftHun 
TepMiH cny^Gu i MaiOTb HH3bKi Koecjnnienra 3aBanTa>KeHHii, ToMy ix HeoGxigHo 
3aMiHHTH Ha TpaHc opMaTopH Tuny T M H - 4 0 0 0 / 1 1 0 / 1 0 . 
npH peKoHcTpyKnii nigcTaHnii 3acTocoBaHa cxeMa MicTKa 3 BHMHKanaMu Gina 
TpaHc opMaTopiB. Ana ^HBneHHa BnacHux noTpeG BcTaroBjiero gBa 
TpaHc opMaTopa Tuny TM-100 /10 /0 ,4 . 
TaKo>K B gunnoMHOMy npoeKTi BUKOMHO 3aMiHy MacnaHux BHMHKaniB B M i m -
10 Ha BaKyyMHi Tuny B B / T E L - 1 0 - 1 2 , 5 , Ha cTopoHi 110 K B BcTaHoBneHo enera3OBi 
BuMmcani Tuny L T B - 1 4 5 D 1 i po3'egHyBani Tuny D - 1 2 3 . H a cTopoHi 110 i 10 K B 
3aMicTb po3pagHuciB BcTaHoBneHo O n H - y / T E L - 1 1 0 / 8 4 - y X J n , O n H - P / T E L - 1 0 / 
1 1 , 5 - y X J J 1 . npoBegeHo 3aMiHy TpaHc opMaTopiB cTpyMy T n J J - 1 0 Ha T n K - 1 0 , 
TpaHc opMaTopiB Hanpyru H T M H - 1 0 Ha H A M H T - 1 0 - y 3 . H a cTopoHi 110 K B TaKO>K 
BcTaHoBneHo 3a3eMnK>K>ni gyroracHi peaKTopu Tuny P y O M - 4 8 0 / 1 1 / V J y . 
Ana 3axucTy niHin, mo BigxogaTb 3acTocoByeMo MicponponecopH npucTpoi 
M I C O M P122 , gna gH epeH^ianbHO^o 3axucTy TpaHc opMaTopa M I C O M P632 . 
Peurra 3axucTy TpaHc opMaTopiB BuKOHaH Ha npucTpoax 3axucTy BBogiB. H a 
BucoKiH cTopoHi 3acTocyBanu M I C O M P124 , a Ha Hu3bKiH M I C O M P122 . 
Jucm 
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